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MAHLON  LOOMIS,  THE  DISCOVERER  AND 
INVENTOR  OF  RADIO: 

A  REPORT  BY  THE  CHAIRMAN  OF  THE  RADIO 
DISCOVERY  COMMITTEE  OF  THE  ILLINOIS 
STATE  ACADEMY  OP  SCIENCE 


OTIS  B.  YOUNG 

Southern  Illinois  University,  Garl)ondale 


Mahlon  Loomis  was  beyond  reason¬ 
able  doubt  the  discoverer  and  inven¬ 
tor  of  wireless  communication  in  the 
world.  The  author  believes  this  brief 
account  includes  the  essential  facts 
with  a  list  of  references  adequate  to 
satisfy  critical  readers  of  the  jus¬ 
tice  of  this  discovery  and  invention 
claim. 

October,  1966,  is  the  centennial 
month  of  the  first  public  exhibition 
of  two-way  aerial  wireless  communi¬ 
cation  or  radio.  Mahlon  Loomis 
(1826-1886)  an  ingenious  dentist  of 
AYashington,  D.  C.,  performed  and 
demonstrated  this  experiment  be¬ 
tween  the  fifteen  liundred-foot 
Bear’s  Den  and  Catoctin  Mountains 
of  the  Blue  Ridge  of  Virginia,  a  dis¬ 
tance  of  about  twenty  miles.  He  thus 
demonstrated  an  effect  which  he  de¬ 
scribed  in  a  notebook  dated  Febru¬ 
ary  20,  1864.  This  year,  1864,  should 
be  recognized  as  the  date  of  his  dis¬ 
covery.  In  another  notebook  he  de¬ 
scribed  his  October,  1866,  public 
demonstration.  He  wrote,  “two  kites 
were  let  up — one  from  each  summit 
— eighteen  or  twenty  miles  apart. 
These  kites  had  each  a  piece  of  fine 
copper  wire  gauze  about  fifteen  inch¬ 
es  square  attached  to  their  under  side 


and  connected  with  the  wire  six  hun¬ 
dred  feet  in  length  which  held  the 
kites  when  they  were  up.  The  day 
was  clear  and  cool  in  the  month  of 
October  with  breeze  enough  to  hold 
the  kites  firmly  at,  anchor  when  they 
were  flown.  Good  connection  was 
made  with  the  ground  by  laying  in 
a  wet  place  a  coil  of  wire  one  end 
of  which  was  secured  to  the  bind¬ 
ing  post  of  a  galvanometer.  The 


Mahlon  Loomis.  A  copy  of  a  photo¬ 
graph  in  the  Mahlon  Loomis  File  in 
the  Document  Section  of  the  Library 
of  Congress,  Washington,  D.  C. 
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equipments  and  apparatus  of  both 
stations  were  exactly  alike.  The  time 
piece  of  both  parties  having  been  set 
exactly  alike,  it  was  arranged  that 
at  precisely  such  an  hour  and  minute 
the  galvanometer  at  one  station 
should  be  attached,  or  be  in  circuit 
with  the  grounded  and  kite  wires. 
At  the  opposite  station  the  ground 
wire  being  already  fast  to  the  gal¬ 
vanometer,  three  separate  and  de¬ 
liberate  half -minute  connections  were 
made  with  the  kite  wire  and  instru¬ 
ments.  This  deflected,  or  moved,  the 
needle  at  the  other  station  with  the 
same  vigor  and  precision  as  if  it  had 
been  attached  to  an  ordinary  battery. 
After  a  lapse  of  five  minutes,  as  pre¬ 
viously  arranged,  the  same  perfor¬ 
mance  was  repeated  with  the  same 
result  until  the  third  time.  Then  fif¬ 
teen  minutes  precisely  were  allowed 
to  elapse,  during  which  time  the  in¬ 
strument  at  the  first  station  was  put 
in  circuit  with  both  wires  while  the 
opposite  one  vras  detached  from  its 
upper  wire,  thus  reversing  the  ar¬ 
rangements  at  each  station.  At  the 
expiration  of  the  fifteen  minutes  the 
message  or  signals  came  to  the  initial 
station,  a  perfect  duplicate  of  those 
sent  from  it,  as  by  previous  arrange¬ 
ment.  And  although  no  ‘transmit¬ 
ting  key’  was  made  use  of  nor  any 
‘sounder’  key  to  voice  the  messages, 
yet  they  were  just  as  precise  and  dis¬ 
tinct  as  any  that  ever  sped  over  a 
wire.  A  solemn  feeling  seemed  to  be 
impressed  upon  those  who  witnessed 
the  performance  as  if  some  grave 
mystery  hovered  there  around  that 
simple  scene,  notwithstanding  the  re¬ 
sults  wrere  confidently  expected  .  .  .” 

It  is  of  utmost  importance  to  ob¬ 
serve  that  this  experiment  as  de¬ 
scribed  was  successful,  a  code  system 


could  be  used  and  messages  sent. 
Yet,  of  the  few  persons  who  during 
the  past  one  hundred  years,  reviewed 
the  work  of  Loomis,  a  high  percent¬ 
age  made  the  grave  “scientific”  error 
of  concluding  that  the  experiment 
could  not  succeed  because  Loomis  did 
not  have  the  Branley  coherer  and 
therefore  he  had  no  means  of  detect¬ 
ing  the  signals.  This  false  conclusion 
weakened  seriously  the  cause  of 
Loomis. 

In  further  defense,  various  per¬ 
sons  have  repeated  his  experiment 
and  found  his  report  accurate.  The 
author  has  made  test  experiments 
and  determined  that  the  wave  form 
emerging  from  the  kite  wire  was  a 
rapidly  damping  pulse  which  wmuld 
give  a  direct  current  instrument,  as 
a  moving  needle  galvanometer,  a  bal¬ 
listic  deflection.  A  radio  frequency 
component  on  the  pulse  would  make 
no  difference  in  the  reception,  as  the 
twTo  stations  w7ere  tuned  the  same. 

It  is  essential  in  establishing  credit 
for  a  discovery  to  examine  the  work 
of  other  persons  in  the  same  field. 
Diligent  searches  have  not  revealed 
anyone  who  antedated  Mahlon  Loom¬ 
is  in  aerial  wdreless  telegraphy. 

Limited  space  here  does  not  per¬ 
mit  the  elaboration  of  events — often 
disappointing  and  tragic  experiences 
—which  centered  around  Mahlon 
Loomis.  The  last  twenty  years  of  his 
life  were  spent  with  great  devotion 
and  sacrifice  in  an  attempt  to  im¬ 
prove  and  commercialize  aerial  wdre¬ 
less  communication  to  the  extent  of 
w7orld-wdde  coverage.  Significant  en¬ 
tries  will  be  listed  with  short  or  no 
comments.  However,  interested  read¬ 
ers  may  use  the  following  references 
for  a  comprehensive  story  of  Mahlon 
Loomis. 


Loomis j  Inventor  of  Radio 


Historical  (1826  -  1886) 

1826,  July  21.  Mahlon  Loomis  was 
born  in  Oppenheim,  N.  Y.  De¬ 
scendant  of  Joseph  Loomis 
who  came  to  America  from  Es¬ 
sex,  England,  in  1638.  Mah¬ 
lon  is  #6170  of  family  geneal¬ 
ogy  and  in  8th  generation. 

1848.  Studied  dentistry  and  taught 
in  Cleveland,  Ohio. 

1854.  Received  a  patent  for  mineral- 
plate  (kaolin)  process  for 
making  artificial  teeth. 

1856,  May  28.  Married  Achsah  Ash¬ 
ley  of  AYest  Springfield,  Mass. 

1864.  After  several  years  of  experi¬ 
menting  he  discovered  aerial 
wireless  communication. 

1866.  Gave  the  first  public  demon¬ 
stration  of  wireless  communi¬ 
cation. 

1868.  In  the  presence  of  Members  of 
Congress  and  eminent  scien¬ 
tists,  he  repeated  his  experi¬ 
ment  of  1866. 

1869.  Greatly  needed  financial  sup¬ 
port,  promised  from  private 
interests,  failed  due  to  the 
“Black  Friday”  panic. 

1869.  The  ‘  ‘  Loomis  Aerial  Telegraph 
Bill”  was  introduced  into  Con¬ 
gress.  $50,000  federal  aid  was 
sought. 

1869,  January  13.  Congressional 
Globe  gives  account  in  Senate 
of  discussions  regarding  Mah¬ 
lon  Loomis  and  his  discovery. 

1870,  March  11.  Further  discussion 
given  in  Congressional  Globe. 
41st  Congress,  2nd  session. 

1871,  For  the  second  time  a  disaster 
robbed  him  of  promised  pri¬ 
vate  financial  support.  The  ca¬ 
tastrophe  was  the  Chicago 
Fire. 
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1872,  May  21.  “Loomis  Aerial  Tele¬ 
graph  Bill”  requesting  $50,000 
was  discussed  before  Congress 
in  a  long  speech  by  Mr.  Con¬ 
ger.  See  Congressional  Globe. 

1872,  July  30.  The  United  States  of 
America  issued  its  first  patent 
in  radio.  The  number  was 
129,917.  It  was  titled,  “Im¬ 
provement  in  Telegraphing” 
and  was  issued  to  Mahlon 
Loomis. 

1872,  November  1.  The  AYashington 
Chronicle  Newspaper  publish¬ 
ed  how  Loomis  conducted  his 
experiments. 

1873.  Loomis  Aerial  Telegraph  Com¬ 
pany  was  chartered  by  Con¬ 
gress,  authorizing  a  capital 
stock  of  $200,000,  with  the 
privilege  of  increasing  to  $2,- 
000,000.  This  was  the  first 
wireless  company. 

1873,  January  21.  The  Loomis  Aeri- 
al  Telegraph  Bill  passed  the 
Senate,  President  U.  S.  Grant 
signed  the  bill,  but  the  money 
was  never  forthcoming. 

1873,  April  9.  The  Philadelphia 
Press  published  “Loomis’s 
AYonderful  Plan.” 

1873.  And  during  the  remaining 
years  of  his  life  he  devoted, 
mostly  alone,  to  the  develop¬ 
ment  of  his  invention.  He  used 
steel  pipes  on  wooden  towers 
in  AA7est  ATirginia  and  com¬ 
municated  successfully  for 
months  at  a  time.  He  prac¬ 
ticed  his  profession  of  dentis¬ 
try  only  as  necessary  for  a 
meager  livelihood. 

1881,  June.  He  gave  a  speech  at 
the  Franklin  Institute,  Phila¬ 
delphia,  Pennsylvania.  The 
manuscript  was  signed  by 
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Loomis  in  January,  1872,  and 
was  eighteen  h  a  n  d  w  r  i  1 1  e  n 
pages  long.  The  original  is 
located  in  the  Mahlon  Loomis 
file  in  the  Documents  Section 
of  the  Library  of  Congress. 

1886,  October  13.  Mahlon  Loomis 
died  at  the  home  of  his  brother, 
George,  in  Terra  Alta,  West 
Virginia.  He  is  buried  in  the 
local  cemetery. 

References  and  Efforts  to 
Gain  Recognition  for 
Mahlon  Loomis 
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New  Jersey,  radio  expert  formerly 
with  Bell  System  and  Bell  Tele- 
phone  Laboratories,  co-author  with 
Thomas  Appleby  of  manuscript 
titled,  “Mahlon  Loomis — Birth  of 
Wireless. 9  7 

Roberts,  Howard  C.,  Professor  of  En¬ 
gineering  Research,  University  of 
Illinois,  member  of  ISAS  Radio 
Discovery  Committee,  actively  in¬ 
terested  in  furthering  the  cause 
of  Loomis,  prepared  an  affidavit 
stating,  “I  consider  that  the  work 
of  Mahlon  Loomis  is  the  first 
known  practical  example  of  wire¬ 
less  telegraphic  communication, 
and  that  it  should  be  given  suit¬ 
able  recognition.” 

Watson,  Richard  E.,  Professor  of 
Physics,  Southern  Illinois  Univer¬ 
sity,  member  of  the  ISAS  Radio 
Discovery  Committee,  participated 
in  official  action  of  scientific  or¬ 
ganizations  when  recognizing 
Loomis,  encouraged  further  efforts 
in  behalf  of  Loomis,  prepared  an 
affidavit  including,  “It  is  my  con¬ 
sidered  and  firm  conviction  that 
Mahlon  Loomis,  a  dentist  living  in 
Washington,  D.C.,  did  discover, 
invent  and  publicly  demonstrate 


(in  1866)  a  system  of  communi¬ 
cation  which  qualifies  as  radio- 
telegraphy,  as  the  term  is  basically 
understood  today. 7  7 
Young,  Otis  B.  Director  of  Coopera¬ 
tive  Atomic  and  Capacitor  Re¬ 
search,  Southern  Illinois  Univer¬ 
sity,  much  interested  in  the  Mah¬ 
lon  Loomis  case  for  about  thirty- 
five  years,  wrote  many  articles  for 
magazines,  newspapers  and  special 
programs,  gave  many  talks  to 
scientific  and  popular  groups,  con¬ 
ducted  a  television  program,  cor¬ 
responded  with  a  large  number  of 
persons  concerned  with  the  rating 
and  dissemination  of  radio  knowl¬ 
edge,  performed  test  experiments 
to  determine  the  form  of  the  wave 
type  used  by  Loomis  and  checked 
its  effectiveness  on  a  direct  current 
galvanometer  due  to  the  rapid 
damping,  Chairman  of  ISAS  Ra¬ 
dio  Discovery  Committee,  pre¬ 
pared  an  affidavit  stating,  “I  am 
convinced  that  Doctor  Mahlon 
Loomis,  an  American  dentist  of 
Washington,  D.  C.,  did  in  1864  dis¬ 
cover  and  invent  radio  or  aerial 
wireless  communication  in  the 
world. 77 

Conclusion 

In  conclusion,  all  readers  are  re¬ 
quested  to  use  the  opportunities 
available  to  them  to  assist  in  bring¬ 
ing  to  Mahlon  Loomis  the  long  past 
due  recognition  to  which  he  is  so  just¬ 
ly  entitled. 

Manuscript  received  September  28, 
1966. 


THE  STRATIGRAPHY  OF  THE  CEDAR  CITY  FORMATION 
(MIDDLE  DEVONIAN)  OF  MISSOURI 


GEORGE  H.  FRAUNFELTER 
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Abstract.  —  The  Middle  Devonian 
strata  of  central  and  northeastern  Mis¬ 
souri,  formerly  assigned  to  the  Callaway 
Formation  which  embraced  the  Cooper 
Limestone  Facies  and  the  Callaway 
Limestone  Facies,  are  assigned  to  the 
Cedar  City  Formation  (new  name)  in 
this  report.  The  names  Cooper  and  Cal¬ 
laway  are  retained  to  designate  the  litho- 
facies  of  the  Cedar  City  Formation.  The 
Cooper  Litliofacies  is  divided  into  seven 
physiofacies:  the  Lamine  River  Con¬ 
glomerate,  the  Sliiel  Clay,  the  Ralls 
Oolitic  Limestone  Conglomerate,  the  Lit¬ 
tle  Shaver  Creek  Laminated  Limestone, 
the  Little  Splice  Creek  Brecciated  Lime¬ 
stone,  the  Smithton  Limestone  and  the 
Clifton  City  Sparritic  Limestone.  The 
Callaway  Litliofacies  is  divided  into  four 
physiofacies:  the  Lupus  Sandstone,  the 
Mineola  Crinoidal  or  Arenaceous  Lime¬ 
stone,  the  Sandy  Hook  Dolomitic  Lime¬ 
stone  or  Dolomite  and  the  Calwood  Lime¬ 
stone.  The  various  physiofacies  of  the 
Cooper  and  Callaway  Litliofacies  inter¬ 
finger  with  one  another.  Each  facies  is 
defined  and  described. 


Iii  1852  (Unklesbay,  A.  G.,  1952) 
Owen  reported  tracing  a  Devonian 
limestone  from  Callaway  County, 
Missouri,  northward  toward  Iowa. 
This  was  the  first  record  of  Devonian 
rocks  in  Missouri.  Swallow  (1855 
and  1860)  also  wrote  of  the  occur¬ 
rence  of  Devonian  rocks  in  Callaway 
County.  In  1873  Broadhead  recog¬ 
nized  Devonian  strata  in  Warren 
County,  Missouri. 

Keyes  (1894)  was  the  first  to  use 
the  name  Callaway.  Unfortunately 
the  name  was  applied  to  two  distinct 


limestones,  one  in  central  Missouri 
and  the  other  in  southeastern  Mis¬ 
souri.  Keyes  again  used  the  name 
Callaway  in  reports  of  1895  and 
1896.  It  was  Greger  (1909)  who  rec¬ 
ognized  that  Keyes  had  confused 
what  was  later  to  be  called  Saint 
Laurent  Limestone  in  southeastern 
Missouri  with  the  Callaway  Lime¬ 
stone  in  central  Missouri  and  sug¬ 
gested  restriction  of  the  term  Call¬ 
away  to  the  central  Missouri  unit. 
Subsequently  Wilson  (1922),  Bran¬ 
son  (1923  and  1944)  and  other 
workers  essentially  followed  Greger ’s 
usage  of  the  term  Callaway.  There 
were,  however,  differences  of  inter¬ 
pretation  concerning  the  age  rela¬ 
tionships  of  the  Callaway  Limestone. 

Swallow  (1855)  introduced  the 
name  Cooper  Limestone  (“Cooper 
marble  ”)  when  he  described  the  De¬ 
vonian  limestones  from  exposures  in 
Cooper  County,  Missouri,  where,  ac¬ 
cording  to  Swallow,  they  are  best  de¬ 
veloped  along  Clear  Creek  and  on 
the  Lamine  River  between  the 
mouths  of  Clear  Creek  and  Otter 
Creek. 

E.  B.  Branson  (1920)  named  the 
Mineola  Formation  “from  outcrops 
about  a  half-mile  south  of  Mineola 
.  .  in  Montgomery  County.  Ex¬ 
posures  of  this  formation  had  been 
referred  to  as  the  Crinoidal  limestone 


[9] 
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Figure  1. — Areal  extent  of  the  Devonian  (Middle)  outcrops  and  seas  in  central- 
nortlieastern  Missouri  and  western  Illinois  (drafted  by  Mississippi  Valley  Investi¬ 
gations,  Southern  Illinois  University). 
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by  Broadhead  (1873)  (Branson,  E. 
B.,  1944).  The  Ashland  Formation 
was  named  and  described  in  1941  by 
E.  B.  Branson  from  a  locality  seven 
miles  southeast  of  Ashland,  Boone 
County,  and  nine  miles  northwest  of 
Jefferson  City,  Cole  County  (Section 
1).  Cooper,  G.  A.  (1942)  refers  to 
the  Ashland  as  the  Rensselandia 
(Newberria)  zone  of  central  and 
northeastern  Missouri  and  as  the 
Rensselandia  Beds  of  central  Mis¬ 
souri  (1944). 

In  1952  Unklesbay  revised  the  us¬ 
age  of  the  terminology  applied  to 
Middle  Devonian  of  central  Missouri. 
In  describing  the  Middle  Devonian 
of  Boone  County,  he  employed  the 
term  Callaway  as  a  formational  des¬ 
ignation  embracing  the  Callaway, 
Cooper  and  Ashland  Limestone  fa¬ 
cies.  The  latter  three  limestones  had 
previously  been  recognized  as  forma¬ 
tions.  The  Mineola  was  not  recog¬ 
nized  in  Boone  County  at  that  time. 
It  should  be  noted,  however,  that  V. 
R.  Sinclair  (1956),  while  working  in 
the  type  area  of  the  Mineola  Lime¬ 
stone  in  Montgomery  County  em¬ 
ployed  the  Mineola  as  a  facies  of  the 
Callaway  Formation. 

As  field  work  on  the  Middle  De¬ 
vonian  of  central  and  northeastern 
Missouri  progressed,  it  became  in¬ 
creasingly  evident  that  the  Cooper, 
Callaway,  Mineola  and  Ashland  For- 
mations  were  actually  facies  of  a  sin¬ 
gle  formation  as  had  been  suggested 
by  Unklesbay. 

In  order  to  avoid  the  confusion  re¬ 
sulting  from  the  usage  of  the  name 
Callaway  as  both  a  formation  name 
and  as  the  name  for  a  facies  of  the 
same  formation,  I  propose  a  new  for¬ 
mational  name,  the  Cedar  City, 
which  embraces  all  of  the  Middle  De¬ 


vonian  of  central  and  northeastern 
Missouri.  This  name  was  derived 
from  the  town  of  Cedar  City,  which 
is  0.5  mile  directly  north  of  the  Mis- 
souri  River  Bridge  at  Jefferson  City 
and  about  3.75  miles  southwest  of 
the  type  area  (Section  2).  The  town 
of  Cedar  City  is  the  only  sizable  geo¬ 
graphic  feature  in  the  area  of  the 
type  section,  the  name  of  which  has 
not  been  previously  used  as  a  forma- 
tional  designation.  The  type  area  of 
the  Cedar  City  Formation  is  located 
along  the  northwest  and  southeast 
sides  of  U.S.  Highway  54  in  the  N 
i/2  SW  Sec.  36,  T.  45* N.,  R.  11  W, 
Callaway  County,  Missouri.  This 
area  was  selected  as  the  type  because 
the  several  outcrops  present  exhibit 
many  of  the  physiofacies  of  both  the 
Cooper  and  Callaway  Lithofacies  of 
the  Cedar  City  Formation  and  well 
display  the  stratigraphic  relation¬ 
ships  among  the  various  facies.  Many 
of  the  biofacies  of  the  Cedar  City  are 
also  well  developed  here.  (Figs.  2-5) 

The  decision  to  replace  the  name 
Callaway  as  a  formational  designa¬ 
tion  rather  than  as  a  facies  designa¬ 
tion  was  prompted  by  the  fact  that 
the  Middle  Devonian  of  central  and 
northeastern  Missouri  can  be  readily 
divided,  grossly,  into  two  distinct 
limestone  facies,  the  Cooper  and  the 
Callaway,  which  interfinger  with  one 
another. 

The  Cooper  is  a  nearly  dense  lime¬ 
stone,  lacking  clastic  deposits  in  most 
places,  except  basally,  and  contain¬ 
ing  few  megafossils.  It  is  best  de¬ 
veloped  in  Saline,  Pettis,  Morgan 
and  Cooper  Counties  in  west  central 
Missouri.  The  Callaway,  on  the  other 
hand,  is  a  fine  to  coarse-grained  lime¬ 
stone  containing  many  clastic  depos¬ 
its  and  many  megafossils.  It  is  best 
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developed  in  Callaway  and  Mont¬ 
gomery  Counties  in  central  Missouri. 
There  is  also  the  consideration  that 
the  names  Callaway  and  Cooper  have 
been  applied  as  names  of  equal  rank 
for  so  long  a  time,  that  it  seems  less 
confusing  to  reduce  the  name  Cal¬ 
laway  to  a  facies  name  just  as  the 
Cooper  has  been.  Specifically,  these 
names  are  employed  here  as  litho- 
facies  terms  following  the  usage  of 
R.  C.  Moore  (in  Longwell,  C.  R., 
1949).  The  lithofacies  designations 
are  useful  in  the  grouping  of  the  sev¬ 
eral  physiofacies  and  biofacies  which 
characterize  the  Cedar  City  Forma- 
tion.  The  Ashland  and  Mineola  For¬ 
mations  of  E.  B.  Branson  are  here 
regarded  as  a  biofacies  ( Rensselandia 
Beds — Fraunfelter,  G.  Ft.,  1951)  and 
a  physiofacies,  respectively,  of  the 


Callaway  Lithofacies.  It  is  the  study 
of  these  units,  the  physiofacies  and 
biofacies,  and  their  relationships  to 
one  another  which  reveals  the  geo¬ 
logic  history  of  the  Middle  Devonian 
of  central  and  northeastern  Missouri. 

Lithofacies  and  Physiofacies 
Descriptions 

The  major  difficulty  in  under¬ 
standing  the  stratigraphy  of  the 
Cedar  City  Formation  is  the  great 
variability  in  lithologies  present  in 
the  formation,  coupled  with  the  fact 
that  even  closely-spaced  sections  are 
likely  to  differ  greatly  in  thickness 
and  lithologic  details.  A  reference 
to  the  accompanying  diagram  of  the 
land-sea  relationships  (Fig.  1)  will 
call  attention  to  the  fact  that  the 


Figure  3. — South  end  of  third  outcrop 
of  the  Cedar  City  Formation  north  of 
Jefferson  City,  Missouri,  along  west  side 
of  U.S.  Highway  54  (Section  2). 


Figure  5.— First  outcrop  of  the  Cedar 
City  Formation  north  of  Jefferson  City, 
Missouri,  along  the  east  side  of  U.S. 
Highway  54  (Section  3). 


Figure  2. — Second  outcrop  of  the  Ce¬ 
dar  City  Formation  north  of  Jefferson 
City,  Missouri,  along  west  side  of  U.S. 
Highway  54  (Section  2). 


Figure  4. — North  end  of  third  outcrop 
of  the  Cedar  City  Formation  north  of 
Jefferson  City,  Missouri,  along  the  west 
side  of  U.S.  Highway  54  (Section  2). 
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Cedar  City  is  a  remarkable  record  of 
comparatively  near  shore  deposition 
with  a  great  variety  of  environments 
over  short  distances  and  successive 


times;  each  of  which  is  reflected  in 
distinctive  deposits.  (Measured  Sec¬ 
tions  1  to  11  are  included  in  Table 
1). 


Table  1. — Measured  Sections  of  the  Cedar  City  Formation. 

Section  1 


Center  N  y2  SE  SW  SW  Sec.  1,  T.  45  N.,  R.  12  W.,  in  a  southwest-trending  tributary 
to  a  southeast-flowing  tributary  to  Cedar  Creek,  about  one  mile  southwest  of  Zumalt 
Bridge  and  about  five  miles  southeast  of  Ashland,  Boone  County,  Missouri  (Jefferson 
City  Quadrangle).  Type  section  of  the  Ashland  Formation. 

Thickness 
Feet  Inches 


Covered 


Devonian  System 
Erian  Series 

Cedar  City  Formation 
Calwood  Pliysiofacies 

9.  Limestone,  light  to  medium  tannish-gray,  fine-grained, 

clastic,  medium  to  thick-bedded .  2  4 

Little  Shaver  Creek  Pliysiofacies 

8.  Limestone,  light  to  medium  tannish-gray,  fine-grained, 

clastic,  finely  laminated,  medium  to  thick-bedded .  1  8 

Calwood  Pliysiofacies 

7.  Similar  to  9  above  .  13  2 

Sandy  Hook  Pliysiofacies 

6.  Limestone,  light  to  medium  yellowish -brown,  fine¬ 
grained,  dolomitic,  tliin-bedded  .  7  0 


Mineola  Pliysiofacies 

5.  Limestone,  light  gray  to  white,  coarse-grained,  crin- 
oidal,  medially  arenaceous,  medium  to  thick-bedded, 
pyritic,  limonitic,  weathering  to  a  yellowish-brown  or 


pink  color .  5  9 

Sandy  Hook  Pliysiofacies 

4.  Limestone,  yellowish -brown,  fine-grained,  dolomitic, 

thin  to  medium-bedded  .  6  5 

Little  Splice  Creek  Pliysiofacies 

3.  Limestone,  light  to  medium  grayisli-tan,  fine-grained, 

brecciated,  thick-bedded  to  massive  .  5  6 

Little  Shaver  Creek  Pliysiofacies 

2.  Limestone,  light  to  medium  grayisli-tan,  fine-grained, 

finely  laminated,  thick-bedded  to  massive  .  1  9 

Little  Splice  Creek  Pliysiofacies 

1.  Limestone,  light  to  medium  grayish-tan,  fine-grained, 

brecciated,  thick-bedded  to  massive  .  1  2 


Ordovician  System 
Canadian  Series 

Jefferson  City  Formation 


Total  Thickness  44 
Unconformity - 


9 


Section  2 

NE  SW  Sec.  36,  T.  45  N.,  R.  11  W.,  second  and  third  Devonian  exposures  along  the 
west  side  of  U.S.  Highway  54  north  of  Jefferson  City,  Cole  County,  Missouri  (Jef¬ 
ferson  City  Quadrangle).  Type  area  of  the  Cedar  City  Formation. 

Pennsylvanian  sandstones 
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Devonian  System 
Erian  Series 

Cedar  City  Formation 
Calwood  Physiofacies 

8.  Limestone,  light  to  medium  tannish-gray,  dense  to  fine¬ 
grained,  massive  with  orange-colored  calcite-filled  veins 


and  vugs  .  5  0 

Clifton  City  Physiofacies 

7.  Limestone,  light  tannish-gray,  dense,  thick-bedded, 

pyritic  .  2  8 

Calwood  Physiofacies 

6.  Similar  to  8  above .  6  4 

Clifton  City  Physiofacies 

5.  Limestone,  medium  grayish-tan,  dense  to  fine-grained, 

thick-bedded  .  2  0 

Mineola  Physiofacies 

4.  Limestone,  light  greenish  to  tannish-gray,  dense,  thick- 

bedded,  arenaceous  .  1  5 

Clifton  City  Physiofacies 

3.  Limestone,  light  to  medium  grayish-tan,  dense  to  fine¬ 
grained,  thick-bedded,  chalcopyritic,  limonitic  with  cal- 

cite  veins  and  vugs  near  base  .  9  1 

Clifton  City  Physiofacies 

2.  Limestone,  light  to  medium  tannish-gray,  dense  to  fine¬ 
grained,  thick-bedded  to  massive,  in  part  banded  and 

brecciated  .  1  8 

Sandy  Hook  Physiofacies 

1.  Limestone,  light  tannish-gray,  fine  grained,  massive, 

chalcopyritic  .  7  6 


Covered 


Total  Thickness  35  8 


Section  3 

NW  SE  SE  NW  SW  Sec.  36,  T.  45  N.,  R.  11  W.,  first  Devonian  exposure  north  of 
Jefferson  City,  Cole  County,  Missouri,  along  the  east  side  of  U.S.  Highway  54  (Jef¬ 
ferson  City  Quadrangle).  Type  area  of  the  Cedar  City  Formation. 

Covered 

Devonian  System 
Erian  Series 

Cedar  City  Formation 
Calwood  Physiofacies 

6.  Limestone,  light  grayish-tan,  dense,  massive  in  upper 
half. 

Limestone,  medium  tannish  to  greenish-gray,  argilla¬ 


ceous,  largely  thick-bedded  .  5  7 

Mineola  Physiofacies 

5.  Limestone,  medium  tannish-gray,  dense,  crinoidal, 

medium  to  thick -bedded  .  3  11 

Little  Shaver  Creek  Physiofacies 

4.  Limestone,  medium  tannish-gray,  dense,  finely  lami¬ 
nated,  stromatoporoidal,  massive  .  7  6 

Clifton  City  Physiofacies 

3.  Limestone,  light  to  medium  tannish-gray,  dense  to 
fine-grained,  stromatoporoidal,  massive  with  sparry 

calcite  .  2  0 

Little  Splice  Creek  Physiofacies 

2.  Limestone,  light  to  medium  tannish-gray,  fine-grained, 

brecciated,  massive  .  2  0 
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Little  Shaver  Creek  —  Lupus  Physiofacies 

1.  Limestone,  light  to  medium  tannish-gray,  fine-grained, 
finely  laminated,  massive. 

Sandstone,  white  to  light  gray,  fine-grained,  calcareous, 
thin-bedded,  zero  to  eight  inches  in  thickness  .  3  0 


Ordovician  System 
Canadian  Series 

Jefferson  City  Formation 


Total  Thickness  24 
Unconformity - 


Section  4 


0 


SE  NE  SW  Sec.  36,  T.  45  N.,  R.  11  W.,  along  the  east  side  of  an  old  railroad  cut, 
about  100  feet  east  of  the  previous  locality.  Type  area  of  the  Cedar  City  Formation. 

Covered 


Devonian  System 
Erian  Series 

Cedar  City  Formation 
Calwood  Physiofacies 

6.  Limestone,  light  to  medium  tannish-gray,  dense,  thick- 


bedded  .  1  4 

Sandy  Hook  Physiofacies 

5.  Limestone,  light  grayish -tan,  dense  to  fine-grained, 

dolomitic,  thin-bedded  .  1  7 

Calwood  Physiofacies 


4.  Limestone,  medium  purplish-gray  to  tan,  fine-grained, 
thick-bedded. 

Limestone,  greenish  to  tannish-gray,  fine-grained,  ar¬ 


gillaceous,  medium-bedded  at  the  base  .  4  0 

Clifton  City  Physiofacies 

3.  Limestone,  very  light  gray,  dense,  massive  with  sparry 

calcite  .  6  7 

Lupus  Physiofacies 

2.  Sandstone,  yellowish-brown,  fine-grained,  calcareous, 

massive  .  0  4 

Little  Splice  Creek  Physiofacies 

1.  Limestone,  light  tannish-gray,  dense,  arenaceous,  brec- 

ciated,  massive  .  1  5 


Ordovician  System 
Canadian  Series 

Jefferson  City  Formation 


Total  Thickness  15 
Unconformity - 


Section  5 


3 


SE  NW  SW  SW  Sec.  5,  T.  45  N.,  R.  19  W.,  about  two  miles  west  and  south  of 
Otterville,  Cooper  County,  Missouri,  along  northwest  side  of  U.S.  Highway  50,  about 
fifteen-hundredths  of  a  mile  west  of  junction  with  Missouri  Highway  135  (Otter¬ 
ville  West  Quadrangle).  Type  section  of  the  Cooper  Lithofacies. 

Covered 


Devonian  System 
Erian  Series 

Cedar  City  Formation 
Clifton  City  Physiofacies 

5.  Limestone,  light  to  medium  grayish  tan  or  tannish- 
gray,  dense  to  fine-grained,  stylolitic,  vermicular,  med¬ 
ium-bedded  to  massive  with  sparry  calcite,  sandy  green 
clay  partings  and  vug  fillings  medially,  coarse-grained 
“patches”  and  limonite  staining  . 


6 


12 


16 
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Smithton  Pliysiofacies 

4.  Limestone,  light  grayish-tan,  slightly  vermicular,  mas¬ 
sive  .  2  1 

Little  Splice  Creek  Pliysiofacies 

3.  Limestone,  light  to  medium  grayish-tan,  dense,  finely 
to  coarsely-brecciated,  stylolitic,  vermicular,  pyritic, 
massive  with  large  calcite  veins  and  crystals,  greenish- 
blue  clay  partings,  limonite  staining,  and  mottling  ....  13  7 

Smithton  Pliysiofacies 

2.  Limestone,  light  to  medium  tannish-gray  or  grayish- 
tan,  dense,  finely-brecciated,  slightly  arenaceous,  ver¬ 
micular,  stylolitic,  massive  with  red  to  purple  clay  part¬ 
ings  medially .  6  2 

Laniine  River  Pliysiofacies 

1.  Chert  conglomerate,  medium  tannish-gray  or  grayish- 
green  with  well-cemented  or  friable  fine  to  medium- 
grained,  calcareous  sandstone  matrix.  Weathers  to  a 
yellowish-brown  color  and  contains  some  green  clay  ...  8  0 


Covered 


Total  Thickness  42 


4 


Section  6 


SW  NE  NE  Sec.  17,  T.  56  N.,  R.  6  W.,  in  the  east  wall  af  the  Central  Stone 
Company  quarry,  about  one  half  mile  east  and  south  of  Huntington,  Ralls  County, 
Missouri  (Rensselaer  Quadrangle).  Type  section  of  the  Sliiel  Pliysiofacies. 


Devonian  System 

Grassy  Creek  Formation 
No  Assigned  Series 
Devonian  System 
Erian  Series 
Cedar  City  Formation 

Little  Splice  Creek  Pliysiofacies 

4.  Limestone,  light  to  medium  grayish-tan,  dense,  coarsely- 
brecciated  with  some  pebbles  of  reworked  Noix  oolite. .  2 

Little  Shaver  Creek  Pliysiofacies 

3.  Limestone,  light  to  medium  grayish-tan,  dense,  thick- 


bedded,  stromatolitic  . 6 

Little  Splice  Creek  Pliysiofacies 

2.  Limestone,  light  grayish-tan,  dense,  brecciated,  pyritic, 
partly  banded  wiili  calcite  and  chalcedony-filled  veins 
and  vugs  and  irregular  shale  partings  and  sandstone 

lenses  .  5 

Sliiel  Pliysiofacies 

1.  Clay,  bluish  to  yellowish-green,  arenaceous  with  sand 
lenses  near  the  top  and  limestone  lenses  near  the 
base  .  5 


6 

1 


6 


2 


Ordovician  System 
Champlanian  Series 
Kimmswick  Formation 


Total  Thickness  19 
Unconformity - 


3 


Section  7 

NW  SE  SE  SE  Sec.  9,  T.  47  N.,  R.  14  W.,  the  first  outcrop  southeast  of  Lupus, 
Moniteau  County,  Missouri,  along  the  Missouri  River  bluffs  and  the  Missouri  Pa¬ 
cific  Railroad  about  seven-tenths  of  a  mile  southeast  of  Lupus  (Columbia  Quad¬ 
rangle).  Type  section  of  the  Little  Splice  Creek  Pliysiofacies. 

Mississippian  System 
Kinderliookian  Series 

Chouteau  Formation  (Siphonodella  Beds) 


Cedar  City  Formation 
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- Unconformity - 

Devonian  System 
Erian  Series 

Cedar  City  Formation 

Little  Shaver  Creek  Physiofacies 
11.  Limestone,  light  tan,  fine-grained,  arenaceous,  finely 

laminated,  tliin-bedded  .  1 

Sandy  Hook  Physiofacies 

10.  Dolomite,  light  tan  to  light  grayish-tan,  fine-grained, 
arenaceous;  in  part  cross-laminated,  finely  laminated 
and  brecciated;  thin-bedded  with  small  cut  and  fill  of 


crinoidal  Mineola  .  13 

Little  Splice  Creek  Physiofacies 

9.  Limestone,  light  to  dark  tannish-gray,  dense,  brecciated, 

massive  with  limestone  and  chert  fragments  .  3 

Little  Shaver  Creek  Physiofacies 

8.  Limestone,  dark  tannish-gray,  dense,  stromatolitic,  ver¬ 
micular,  thick-bedded  .  1 

Mineola  Physiofacies 

7.  Limestone,  medium  gray,  fine  to  medium -grained, 

arenaceous,  massive  .  2 

Little  Shaver  Creek  Physiofacies 

6.  Limestone,  light  to  medium  tannish-gray,  dense,  stroma¬ 
tolitic,  thick-bedded  .  0 

Mineola  Physiofacies 

5.  Limestone,  light  to  medium  grayish-tan,  fine  to  medium¬ 
grained,  conglomeratic,  arenaceous,  massive .  2 

Lupus  Physiofacies 

4.  Sandstone,  medium  grayish-tan,  fine-grained,  calcare¬ 
ous,  massive  .  1 

Lamine  River  Physiofacies 

3.  Limestone  Conglomerate,  light  gray  to  light  grayish- 
tan  with  white,  fine-grained,  friable  sandstone  matrix.  .  0 

Little  Shaver  Creek  Physiofacies 

2.  Limestone,  light  grayish-tan,  dense,  stromatolitic,  mas¬ 
sive  with  calcite-filled  veins  and  vugs  .  2 

Lamine  River  Physiofacies 

1.  Clay,  green,  dark  brown  or  gray,  arenaceous,  massive 
with  dark  gray  limestone,  light  gray  sandstone  and 
calcareous  sandstone  pebbles  and  cobbles  .  10 


2 


10 

0 

0 

0 

8 

0 

6 

4 


8 


0 


Ordovician  System 
Champlanian  Series 
Saint  Peter  Formation 


Total  Thickness  38 
Unconformity - - 


2 


Section  8 

W  y2  NE  SW  SW  SE  Sec.  1,  T.  46  N.,  R.  9  W.,  about  two  and  three-tenths  miles 
northeast  of  Hams  Prairie,  Callaway  County,  Missouri,  along  west  side  of  dirt 
road  about  one-tenth  mile  southeast  of  Stinson  Creek  bridge  (Fulton  Quadrangle). 
Type  section  of  the  Callaway  Lithofacies. 

Devonian  System 
Senecan  Series 

Snyder  Creek  Formation 
Devonian  System 
Erian  Series 

Cedar  City  Formation 
Calwood  Physiofacies 

7.  Limestone,  light  gray,  dense,  massive  .  10  6 

Limestone,  medium  gray  to  dark  brownish-gray,  fine¬ 
grained,  medium  to  thick-bedded  .  12 


6 


IS 
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Calwood  and  Sandy  Hook  Pliysiofacies 

6.  Limestone,  purplish-gray,  fine  to  medium-grained,  in 

part  dolomitic,  thin-bedded,  hackly  .  6  4 

Sandy  Hook  Pliysiofacies 

5.  Dolomite,  light  to  dark  gray  or  yellowish-brown,  fine  to 

medium-grained,  arenaceous,  thin-bedded  .  4  5 

Mineola  Pliysiofacies 

4.  Limestone,  light  to  dark  gray,  fine  to  medium-grained, 
medium  to  thick-bedded  with  a  thin,  yellowish-brown, 

fine  to  medium-grained  sandstone  in  the  middle  .  7  1 

Limestone,  yellowish-brown,  fine  to  medium-grained, 

arenaceous,  highly  weathered  .  1  8 

Sandy  Hook  Pliysiofacies 

3.  Limestone,  light  to  dark  gray  or  reddish-brown,  fine  to 

medium-grained,  dolomitic,  thin-bedded  to  massive  ...  5  5 

Limestone,  light  brown  or  yellowish-brown,  fine  to 
medium-grained,  dolomitic,  argillaceous,  arenaceous..  2  10 

Smithton  Pliysiofacies 

2.  Limestone,  light  gray,  dense,  massive  .  2  7 

Lupus  Pliysiofacies 

1.  Sandstone,  light  gray,  calcareous,  massive,  intermit¬ 
tent  .  0  6 


Ordovician  System 
Canadian  Series 

Jefferson  City  Formation 


Total  Thickness  53 
Unconformity - 


10 


Section  9 


SW  SW  SE  Sec.  4,  T.  47  N.,  R.  14  W.,  about  two-tenths  of  a  mile  northwest  of 
Lupus,  Moniteau  County,  Missouri,  along  the  Missouri  River  bluffs  and  the  Mis¬ 
souri  Pacific  Railroad,  just  northwest  of  Big  Splice  Creek  (Columbia  Quadrangle). 
Type  section  of  the  Lupus  Pliysiofacies. 

Covered 

Devonian  System 
Erian  Series 

Cedar  City  Formation 
Lupus  Pliysiofacies 

1.  Sandstone,  white  with  yellowish-brown  or  reddish- 
brown  streaks,  fine  to  medium-grained,  cross-laminated, 
friable  except  for  top  eight  inches  which  are  well- 
cemented,  massive  with  nodules  of  sandstone  at  base.  . 

Mineola  Pliysiofacies 

2.  Limestone,  light  to  medium  tannish-brown,  grayish-tan, 
yellowish-brown  or  pinkish-brown,  medium  to  coarse¬ 
grained,  arenaceous,  crinoidal,  tliick-bedded  with  chert 


17  6 

10  0 


Ordovician  System 
Canadian  Series 

Jefferson  City  Formation 


Total  Thickness  27 
Unconformity - 


6 


Section  10 

SW  SE  SE  NW  Sec.  13,  T.  46  N.,  R.  14  W.,  in  an  abandoned  quarry  about  three- 
fourths  of  a  mile  southeast  of  Sandy  Hook,  Moniteau  County,  Missouri,  along  the 
Missouri  River  bluffs  and  Missouri  Pacific  Railroad  (Centertown  Quadrangle). 
Type  section  of  the  Sandy  Hook  Pliysiofacies. 

Mississippian  System 
Kinderhookian  Series 

Chouteau  Formation  ( Siphonodella  Beds) 


Cedar  City  Formation 
- Unconformity - 
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Devonian  System 
Erian  Series 

Cedar  City  Formation 
Sandy  Hook  Physiofacies 

6.  Limestone,  light  greenish-gray  to  grayisli-tan,  dense, 

dolomitic,  mottled,  pyritic,  arenaceous  medially  .  12 

Lamine  River  Physiofacies 

5.  Chert  Conglomerate,  light  to  medium  grayish-white, 
fine-grained,  calcareous  sandstone  matrix,  massive  ....  0 

Calwood — Mineola  Physiofacies 

4.  Limestone,  light  grayish-tan,  fine  to  medium-grained, 
arenaceous,  argillaceous,  clierty,  glauconitic,  thick-bed¬ 
ded  .  2 

Mineola — Smith  ton  Physiofacies 

3.  Limestone,  medium  grayish-tan,  coarse-grained,  crin¬ 
oidal,  thick-bedded  .  0 

Lamine  River  Physiofacies 

1.  Chert  Conglomerate,  light  grayish-tan,  yellowish-brown¬ 
weathering,  arenaceous,  calcareous,  medium  to  coarse¬ 
grained  sandstone  matrix  with  small  chert  fragments 
and  pebbles  of  oolite-glauconite  .  2 


9 

6 

0 

9 


Total  Thickness  18 


0 

0 


Covered 


Section  11 

NW  SE  SE  Sec.  8,  T.  48  N.,  R.  8  W.,  at  the  junction  of  Auxvasse  Creek  and  a  west¬ 
flowing  tributary  to  Auxvasse  Creek  about  one-half  mile  north  of  U.S.  Highway 
70,  east  and  south  of  Old  Auxvasse  Church  (Fulton  Quadrangle).  Type  area  of  the 
Calwood  Physiofacies. 

Top  of  the  hill. 

Devonian  System 
Erian  Series 

Cedar  City  Formation 
Calwood  Physiofacies 

8.  Limestone,  light  to  dark  grayish-tan,  weathers  yellowish 
to  reddish-brown,  fine  to  medium-grained,  in  part  dolo¬ 
mitic  (Sandy  Hook)  medially,  thick-bedded  with  dark 


brown  shale  partings  .  24  6 

Sandy  Hook  Physiofacies 

7.  Dolomite,  medium  yellowish-brown,  fine-grained,  mas¬ 
sive  .  1  7 

Calwood  Physiofacies 

6.  Limestone,  medium  to  dark  grayish-tan,  fine  to  medium¬ 
grained,  thick-bedded,  with  nodules  at  the  base  .  6  5 

Covered  .  4  0 


Mineola  Physiofacies 

5.  Limestone,  medium  grayish-tan,  weathering,  yellowish- 
brown,  fine  to  coarse-grained,  crinoidal,  arenaceous, 
vuggy,  in  part  dolomitic  in  upper  half,  thick-bedded  .  .  12  0 

Lupus  Physiofacies 

4.  Sandstone,  light  to  medium  grayish-tan  in  upper  half 
to  light  or  medium  gray  in  lower  half,  fine  to  coarse¬ 
grained,  slightly  crinoidal,  limonitic,  calcareous,  mas¬ 


sive  .  12  1 

Clifton  City  Physiofacies 

3.  Limestone,  medium  pinkish  or  grayisli-tan,  dense  to 

fine-grained,  medium-bedded  with  sparry  calcite  .  0  6 

Lupus  Physiofacies 

2.  Sandstone,  white  to  light  or  medium  gray,  fine-grained, 

limonitic,  calcareous,  massive  .  3  0 
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Little  Shaver  Creek  Physiofacies 

1.  Limestone,  medium  to  dark  grayish-tan,  dense  to  fine¬ 
grained,  finely  laminated,  calcitic,  thin-bedded  .  6  6 

Total  Thickness  70  7 


Stream  level 

The  Cooper  Lithofacies.  —  The 
Cooper  Lithofacies  consists  mainly  of 
dense  to  sublithographic,  very  finely 
clastic  limestones,  which  are  light  to 
medium  grayish-tan  or  tannish-gray, 
pinkish-gray  or  bluish-gray  and,  for 
the  most  part,  thick  bedded  or  mas¬ 
sive.  Calcite-filled  veins,  vugs  and 
vermicides  are  common.  The  basal 
portion  of  the  Cooper  Lithofacies  is 
made  up  of  a  chert  and  limestone 
conglomerate,  a  green  clay  or  an 
oolitic  limestone  conglomerate. 

The  Cooper  Lithofacies  crops  out 
in  Saline,  Pettis,  Morgan,  Cooper, 
Moniteau,  Cole,  Boone,  Callaway, 
Montgomery,  Pike,  Ralls  and  Marion 
Counties. 

The  maximum  thickness  of  the 
Cooper  Lithofacies,  about  43  feet, 
was  measured  in  an  abandoned  quar¬ 
ry  about  2  miles  southwest  of  Ot- 
terville  along  the  north  side  of  U.S. 
Highway  50  (Section  5).  This  sec¬ 
tion  is  here  designated  the  type  sec¬ 
tion  of  the  Cooper  Lithofacies.  (Pig. 

6) 

The  Cooper  Lithofacies  is  overlain 
by  the  Siphonodella  Beds  of  the 
Bachelor  Formation  (Meld,  1960) 
over  most  of  its  outcrop  area.  Where 
the  Bachelor  is  absent,  it  is  overlain 
by  the  Chouteau  Formation.  In  other 
areas  it  is  overlain  by  the  Holts  Sum¬ 
mit  Formation  (Meld,  1960),  Turpin 
Sandstone  (Meld,  1960),  the  Grassy 
Creek  Formation  or  the  Callaway 
Lithofacies.  The  Cooper  Lithofacies 
over  most  of  its  outcrop  area  over- 
lies  the  Cotter- Jefferson  City  Forma¬ 
tions.  In  places  it  overlies  the  Saint 


Peter,  Joachim,  Kimmswick  and  Ma- 
quoketa  Formations. 

With  the  exception  of  Rensselan- 
dia  and  a  few  favositids  at  the  Hall 
and  Riley  quarry  (NW  SW  SW  Sec. 
23,  T.  49  N.,  R.  21  W.,  Saline  Coun¬ 
ty)  and  some  stromatoporoids  north¬ 
west  of  Otterville  (S%  SE  NW  SE 
Sec.  29,  T.  46  N.,  R,  19  W.,  Cooper 
County),  the  Cooper  Lithofacies  is 
barren  of  megafossils  to  the  Avest  in 
Saline,  Pettis,  Morgan,  Cooper,  Mon¬ 
iteau  and  Cole  Counties.  None  of  the 
fossils  listed  from  the  Cooper  by 
Greger  (1920,  p.  21)  were  found  dur¬ 
ing  this  study.  However,  there  is  an 
abundance  of  ostracodes  and  charo- 
phytes  present  (NAN  SE  SE  NW  Sec. 
5,  T.  46  N.,  R.  19  W.,  Cooper  Coun¬ 
ty).  The  Cooper  Lithofacies  does  con¬ 
tain  megafossils  in  Boone  County 
and  elsewhere,  where  it  interfingers 
with  the  Callaway  Lithofacies.  (See 
Table  2. — Megafauna  of  the  Cooper 
Lithofacies) . 

Since  the  Cooper  Lithofacies  inter¬ 
fingers  with  and,  therefore,  is  equiva¬ 
lent  to  tlie  Callaway  Lithofacies,  and 
since  both  lithofacies  contain  Mid¬ 
dle  Devonian  fossils,  a  Middle  De- 
vonian  age  is  assigned  to  the  Cooper. 


Figure  6. — Type  section  of  the  Cooper 
Lithofacies  (Section  5). 


Cedar  City  Formation 
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The  Physiofacies  of 
the  Cooper  Lititofacies 

The  Famine  River  Conglomerate 
Physiofacies. — The  initial  deposit  of 
the  Cooper  Lithofacies,  a  chert,  phos¬ 
phate  and  limestone  conglomerate,  is 
hereby  designated  the  Lamine  River 
Physiofacies.  It  is  best  developed  in 
Pettis  and  Cooper  Counties  along  the 
Lamine  River,  for  which  it  is  named, 
and  its  tributaries.  This  facies  also 
crops  out  along  the  Missouri  River 
0.75  mile  northeast  of  Saline  City  in 
Saline  County,  between  the  towns  of 
Lupus  and  Marion  in  Moniteau  and 
Cole  counties  and  about  0.75  miles 
west  of  Lupus.  Similar  deposits  are 
to  be  found  in  Boone  County  about 
1.5  miles  northwest  of  Easley  and 
about  0.6  mile  southeast  of  Wilton, 
along  the  Missouri  River.  In  Calla¬ 
way  County  it  occurs  about  2.5  miles 
east  of  New  Bloomfield  on  Hiller’s 
Creek,  in  Lincoln  County  on  Bob’s 
Creek  about  0.25  mile  west  of  Brus¬ 
sels  and  in  Ralls  County  about  4.5 
miles  northwest  of  New  London. 

The  thickness  of  the  Lamine  River 
Facies  varies  from  zero  to  29  feet. 
The  maximum  thickness  was  meas¬ 
ured  about  4  miles  north  of  Smith- 
ton  (NC  NW  NE  NW  Sec.  26,  T. 
46  N.,  R.  20  W.,  Pettis  County). 

This  conglomerate  contains  angu¬ 
lar  fragments  of  chert  ranging  in 
size  from  sand  to  boulders  and  frag¬ 
ments  of  limestone  ranging  from  peb¬ 
bles  to  cobbles.  The  chert  is  largelv 
dark  gray,  bluish-gray,  brownish - 
gray  or  white ;  plain,  banded  or 
oolitic;  resembling  that  found  in  the 
Jefferson  City  Formation.  The  lime¬ 
stone  pebbles  and  cobbles  are  dark 
brownish-gray  and  fine-grained.  At 
Easley  (SW  SE  SE  Sec.  28,  T.  47  N., 
R.  13  W.,  Boone  County)  fragments 


of  Cooper  limestone  (Clifton  City), 
occur  sparsely  in  the  basal  conglom¬ 
erate.  The  limestone  cobbles  are 

Table  2.  —  Megafauna  of  the  Cooper 
Lithofacies. 

Coelenterata 

Alveolities  subramosus ?  Rominger 
Aulopora?  sp.  no.  1 
Aulopora?  sp.  no.  2 
Blothrophyllum  eooperensis  (Bran¬ 
son  ) 

Blothrophyllum  sp. 

Gylindrophyllum  sp. 

Cystiphylloides  americanus  (Ed¬ 
wards  and  Haime) 

Cystiphylloides  conifolis  (Hall) 
Favosites  alpenensis  alpenensis  Win- 
chell  and  varieties 
Favosites  romingeri  romingeri 
Swann  and  varieties 
Hexagonaria  lativentra 
(Stainbrook) 

Hexagonaria  profunda  (Hall) 
Hexagonaria  quadrigeminum  arctica 
(Meek) 

Tabulophyllum  sp. 

Stromatopora 

Ansotylostroma  laxum  Galloway  and 
St.  Jean 

Clathrocoilona  abeona  Yavorsky 
Stachyodes  caespitosa  Lecompte 

Bryozoa 

Suleoretepora  mineolaneyisis 
(Branson ) 

Brachiopoda 

Athyris  nuculoidea  Cooper 
Atrypa  devoniana  bentonensis 
Stainbrook 

Cranaena  linckleani  (Hall) 
Cranaena  sp. 

Eosyringothyris  sp.  no.  1 
Eosyringothyris  sp.  no.  2 
Rensselandia  johanni  (Hall) 
Rensselandia  m i s s ouri en s i s 
(Swallow) 

Pelecypoda 

Conocardium  ohioense  Meak 
Conocardium  sp. 

Gastropoda 

Turbonopsis  providencis 
(Broadliead) 

Small  high-spired  gastropods 

Cephalopoda 

Acleistoeeras?  sp.  no.  1 
Acleistocerast  sp.  no.  2 
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well-developed  in  the  NW  SW  NE 
NE  Sec.  24,  T.  46  N.,  R.  14  W.  in 
Cole  County.  No  fossils  were  found 
in  these  limestone  pebbles  and  cob¬ 
bles. 

The  matrix  of  the  Lamine  River 
consists  of  fine  to  medium-grained 
quartz  sand  which  weathers  to  a  yel¬ 
lowish-brown  or  red  and  contains  py- 
rite,  pseudomorphs  of  limonite  after 
pvrite  and  hematite  in  small  quan¬ 
tities.  The  quartz  grains  are,  for  the 
most  part,  rounded  like  those  found 
in  the  Saint  Peter  Formation  and 
some  are  frosted.  In  places  the 
matrix  has  a  green  color  due  to  the 
presence  of  green  clay  or  the  inter- 
fingering  of  the  Shiel  Physiofacies. 
At  one  localitv  i  lie  matrix  is  gray  be- 
cause  of  the  presence  of  organic  ma¬ 
terial  (Section  5).  The  matrix  is  fri¬ 
able  to  well-cemented,  especially 
toward  the  top,  the  cement  being 
largely  calcium  carbonate  with  minor 
amounts  of  limonite  and  hematite. 

The  Lamine  River  Conglomerate 
Facies : 

1.  interfingers  with,  underlies 
and  overlies  the  Shiel  Clay 
Facies. 

2.  is  overlain  by  the  Lupus 
Sandstone  Facies  and  is  ap¬ 
parently  stratigr  a  p  h  i  c  a  1 1  y 
equivalent  to  that  facies  (see 
also  the  Lupus  Facies). 

3.  overlies  and  underlies  the 
Little  Shaver  Creek  Lami¬ 
nated  Limestone  Facies. 

4.  overlies,  underlies  and  inter- 
fingers  with  the  Smithton 
Limestone  Facies. 

5.  overlies  and  underlies  the 
Little  Splice  Creek  Brecci- 
ated  Limestone  Facies. 

6.  underlies  the  Clifton  City 
Intraclastic  Limestone  Fa¬ 


cies  (to  the  northwest  of 
Lupus,  along  the  Missouri 
River,  the  Clifton  City 
grades  into  the  Little  Shaver 
Creek  which  grades  into  the 
Mineola) . 

7.  grades  laterally  into  the 
Smithton  and  Little  Splice 
Creek  Facies. 

8.  overlies,  underlies  and  inter¬ 
fingers  with  the  Mineola  Fa¬ 
cies. 

9.  underlies  and  interfingers 
with  the  Sandy  Hook  Facies. 

10.  is  overlain  by  the  Siphono- 
della  Beds  of  the  Bachelor 
Formation  and  by  the  Chou¬ 
teau  and  Burlington  Forma¬ 
tions  of  Mississippian  age. 

11.  is  underlain  by  the  Cotter- 
Jefferson  City,  Saint  Peter 
and  Kimmswick  Formations 
of  Ordovician  age. 

On  the  north  side  of  Moniteau 
Creek  about  three  miles  southwest 
of  Sandy  Hook  (SW  SE  NE  Sec. 
27,  T.  46  N.,  R.  14  W.,  Moniteau 
County),  the  Lamine  River  contains 
Ptyctodus  calceolus  (Newberry  and 
Worthen)  ;  therefore,  the  Lamine 
River  is  no  older  than  Devonian  in 
age.  The  age  of  the  Lamine  River 
is  Middle  Devonian,  since  it  is  close¬ 
ly  related  stratigraphically  with  all 
of  the  physiofacies  of  the  Cooper 
Lithofacies  which  is  considered  to  be 
Middle  Devonian  in  age. 

The  Shiel  Clay  Physiofacies. — The 
Shiel  Clay  Facies  is  also  a  basal  unit 
of  the  Cooper  Lithofacies.  It  is  best 
exposed  in  the  vicinity  of  the  town 
of  Shiel,  hence  the  name,  in  Ralls 
County,  especially  in  the  quarry  of 
the  Central  Stone  Company  at  Hunt¬ 
ington,  about  1.5  miles  northeast  of 
Shiel  (Section  6).  The  Shiel  crops 
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out  in  Pettis,  Cooper,  Moniteau,  Cole, 
Callaway  and  Ralls  Counties. 

The  maximum  thickness  measured 
was  15.5  feet  (NW  NE  NW  Sec.  32, 
T.  46  N,  R.  13  W.)  about  a  mile 
northeast  of  the  town  of  Marion  in 
Cole  County.  Ten  feet  was  measured 
at  Section  7,  about  0.5  mile  southeast 
of  Lupus  in  Moniteau  County.  Both 
of  these  localities  are  along  the  Mis¬ 
souri  River  bluffs.  A  nine  foot  thick¬ 
ness  of  this  facies  was  measured 
along*  a  tributary  to  Turkey  Creek 
(SE  SE  NE  S  i/2  Sec.  2,  T.  56  N.,  R, 
5  W.)  about  2  miles  southwest  of 
New  London  in  Ralls  County. 

The  Shiel  Facies  consists  of  green 
clay-shale,  which,  southeast  of  Lupus 
(Section  7),  is  very  arenaceous  and 
contains  piles  and  lenses  of  dark, 
brownish-gray  limestone  pebbles  and 
cobbles.  Lithologically  these  lime¬ 
stone  pebbles  and  cobbles  resemble 
the  dark  upper  limestone  beds  of  the 
Kimmswick  Formation  in  the  Hunt¬ 
ington  quarry.  Also  in  the  Hunting- 
ton  Quarry  (Section  6)  the  Shiel 
contains  stringers  of  light  to  medium 
gray,  fine-grained  limestone.  North¬ 
west  of  Marion  (NW  NE  NW  Sec¬ 
tion  32,  T.  46  N.,  R,  13  W.,  Cole 
County)  the  Shiel  is  very  clierty.  The 
sand  found  in  the  Shiel  is  similar  to 
that  found  in  the  Saint  Peter  Forma¬ 
tion  and  the  chert  like  that  found  in 

the  Jefferson  City  Formation. 

«/ 

Southeast  of  Lupus  the  Shiel  can 
be  traced  directly  into  the  Lamine 
River  Facies  (Section  7) .  In  the  NW 
SE  Section  24,  T.  56  N.,  R.  5  W., 
about  3.25  miles  north  and  slightly 
west  of  New  London,  the  Shiel  Facies 
underlies  the  Lamine  River  Conglom¬ 
erate  Facies  (Williams,  1952).  In  the 
west  half  of  the  same  section  this 


Shiel  underlies  the  Ralls  Conglom¬ 
erate  Facies  (Williams,  1952). 

The  Shiel  Clay  Facies : 

1.  overlies,  underlies  and  inter- 
fingers  with  the  Lamine  Ri¬ 
ver  Facies. 

2.  is  overlain  by  and  interfin- 

*/ 

gers  with  the  Little  Shaver 
Creek  Facies. 

3.  is  overlain  and  underlain  by 
the  Smithton  Facies. 

4.  underlies  the  Little  Splice 
Creek  Facies. 

5.  overlies  and  underlies  the 
Ralls  Conglomerate  Facies, 

6.  overlies  the  Saint  Peter, 
Cotter- Jefferson  City  and 
Kimmswick  Formations  of 
Ordovician  age. 

7.  underlies  the  Grassy  Creek 
Shale  of  Upper  Devonian 
age. 

I11  Ralls  County  the  Shiel  Clay  has 
yielded  freshwater-type  ostracodes, 
charophytes,  chitinozoa,  holothurian 
sclerites  and  scolecodonts.  The  char¬ 
ophytes  belong  to  the  genus  Trochi- 
liscus,  which  does  not  occur  in  rocks 
older  than  Devonian.  I11  Cole  Comi¬ 
ty  (M  Wy2  SW  SW  Section  29,  T. 
46  N.,  R.  13  W.),  Ptyctodus  caleeolus 
(Newsberry  and  Worthen)  is  present 
in  the  Shiel  at  the  base  of  the  section. 

Thus  we  see  that  the  Shiel  Facies 
contains  fossils  no  older  than  Devon¬ 
ian  in  age  and  is  closely  related 
stratigraphically  to  other  facies  of 
the  Cooper  Lithofacies;  and  there¬ 
fore,  is  assigned  a  Middle  Devonian 
age. 

The  Balls  Oolitic  Limestone  Con¬ 
glomerate  Physio  facies.  —  The  Ralls 
Conglomerate  Physiofacies  is  a  basal 


24 


Transactions  Illinois  Academy  Science 


unit  of  the  Cooper  Lithofacies  in 
parts  of  Ralls  County.  It  crops  out 
at  three  localities  and  occurs  as  a 
constituent  of  another  facies  at  a 
fourth  locality.  The  first  locality  is 
in  the  SE  SE  NE  S  %  Section  2, 
T.  56  N.,  R.  5  W.,  about  2  miles 
southwest  of  New  London,  where  the 
maximum  observed  thickness  of  the 
facies,  seven  and  one  half  feet,  is  ex¬ 
posed.  Six  inches  of  the  facies  is  ex¬ 
posed  at  the  second  locality  in  the 
NE  SW  NE  SW  Section  24,  T.  56 
N.,  R.  5  W.,  about  3.5  miles  north 
and  slightly  west  of  New  London. 
At  the  third  locality,  in  the  NW  NW 
NW  Section  19,  T.  56  N.,  R.  4  W. 
(Williams,  1952)  about  4  miles  north 
of  New  London,  22  inches  of  Ralls 
Conglomerate  is  present.  Scattered 
pebbles  and  cobbles  of  this  facies  oc¬ 
cur  within  the  upper  Little  Splice 
Creek  Facies  in  Huntington  Quarry 
(Section  6)  about  1.5  miles  northeast 
of  Shiel. 

The  bulk  of  the  Ralls  Conglomer¬ 
ate  Physiofacies  consists  of  light 
whitisli-gray,  oolitic  limestone  con¬ 
taining  rounded  granules  to  boulders 
of  oolitic  limestone.  This  facies  may 
also  be  made  up  of  light  gray  to  red¬ 
dish-brown  oolitic  limestone  with 
chert  granules  and  pebbles  present 
toward  the  top  of  the  exposure  at 
the  first  locality.  Also  included  are 
granules  to  cobbles  of  light  to  medi¬ 
um  gray,  fine-grained  to  sublitho- 
grapliic  limestone.  The  basal  six 
inches  of  the  section  at  the  first  local¬ 
ity  consists  of  medium  greenish  to 
tannish-gray,  fine-grained  to  dense, 
clastic,  laminated  limestone  of  the 
Little  Shaver  Creek  Facies.  Here 
the  matrix  is  oolitic  limestone,  of  es¬ 
sentially  the  same  color  as  the  gran¬ 
ules,  pebbles,  cobbles  and  boulders, 


which  grades  northward  into  an 
arenaceous,  oolitic  limestone  with 
granules  and  pebbles  aligned  rough¬ 
ly  parallel  to  the  bedding  planes. 
This  facies  grades  laterally  in  the 
same  direction  into  a  medium  to 
dark,  tannish-gray  limestone  contain¬ 
ing  oolitic  limestone  pebbles  and 
finally  into  a  laminated,  medium  tan- 
nish-gray,  fine-grained,  calcitic  lime¬ 
stone,  the  Little  Shaver  Creek  Facies. 

The  unit  as  a  whole  is  medium  to 
thick-bedded  or  massive. 

At  localities  two  and  three  the 
matrix  tends  to  be  a  sublithographic 
limestone. 

The  oolitic  limestone  matrix  and 
the  granules  to  boulders  are  similar, 
lithologically,  to  the  Noix  Oolite  of 
the  Cyrene  Member  of  the  Edgewood 
Formation,  Lower  Silurian. 

The  Ralls  Facies : 

1.  is  overlain  and  underlain  by 
the  Shiel  Facies. 

2.  is  underlain  and  grades  into 
the  Little  Shaver  Creek  Fa¬ 
cies. 

3.  is  overlain  and  underlain  by 
the  Smithton. 

4.  interfingers  with  the  Little 
Splice  Creek  Facies. 

Consequently,  the  Ralls  Facies  is 
stratigrapliically  equivalent,  at  least 
in  part,  to  the  Shiel,  Little  Shaver 
Creek,  Smithton  and  Little  Splice 
Creek  Facies. 

No  fossils  have  been  found  in  the 
Ralls  Conglomerate  Facies. 

The  Little  Shaver  Creek  Lami¬ 
nated  Limestone  Physiofacies. — The 
Little  Shaver  Creek  Laminated 
Limestone  Physiofacies  is  best  de¬ 
veloped  along  Little  Shaver  Creek 
in  eastern  Pettis  County.  This  fa- 
cies  crops  out  in  Pettis,  Cooper,  Mor- 
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gan,  Saline,  Moniteau,  Cole,  Boone, 
Callaway,  and  Ralls  Counties.  It  is 
named  for  the  Little  Shaver  Creek. 

The  maximum  observed  thickness 
of  this  facies  is  in  the  SE  SW  Sec. 
15,  T.  56  N.,  R.  5  W.,  about  4.5  miles 
northwest  of  New  London,  Ralls 
County,  where  about  nine  and  a  half 
feet  are  exposed.  A  little  more  than 
six  feet  are  exposed  in  the  Hunting- 
ton  Quarry,  about  1.5  miles  north¬ 
east  of  Shiel  (Section  6).  In  Pettis 
and  Cooper  Counties  the  maximum 
observed  thickness  Avas  three  and  a 
half  feet  (CN  y2  S  %  NW  Sec.  35, 
T.  46  N.,  R.  20  W.,  Pettis  County), 
about  2.75  miles  north  of  Smithton. 
However,  the  facies  is  geographically 
more  extensive  in  this  area.  (Fig.  7) 

This  facies  consists  of  light  to 
dark,  tannish-gray  or  grayish-tan  to 
pinkish-gray  or  tan,  fine-grained, 
dense  or  sublithographic,  thin-bed¬ 
ded  to  largely  unevenly  thick-bedded 
or  massive,  laminated,  clastic  lime¬ 
stone.  About  4.5  miles  northwest  of 
New  London  in  Ralls  County  (SE 
SW  Sec.  15,  T.  56  N.,  R.  5  W.),  it 
contains  in  the  base  of  the  upper  unit 
broken  fragments  of  stromatolites 
and  limestone  pebbles.  Northeast  of 
Hartsburg  (NW  NE  NW  NW  Sec. 
33,  T.  46  N.,  R.  12  W.,  Boone  Coun¬ 
ty)  and  at  Sections  1  and  3,  the  Lit¬ 
tle  Shaver  Creek  is  very  light  gray¬ 
ish-tan  and  relatively  coarsely  clas- 
tic. 

Along  the  Missouri  River  bluff 
about  1  mile  northwest  of  Lupus 
(NE  SW  SW  NW  Sec.  4,  T.  47  N, 
R.  14  W.,  Moniteau  County),  there  is 
a  reddish-brown  shale  between  the 
top  of  the  upper  Little  Shaver  Creek 
and  the  Siphonodella  Beds,  which  is 
lithologically  similar  to  the  Upper 
Devonian  shale  found  along  the  Mis¬ 


souri  River  bluffs  between  Provi¬ 
dence  and  Easley  in  Boone  County. 
This  latter  unit  was  formerly  as¬ 
signed  to  the  Grassy  Creek,  but  is 
now  assigned  to  the  Holts  Summit 
Formation  by  M.  G.  Mehl  (personal 
communication) . 

In  the  Lupus  area  the  Little 
Shaver  Creek  becomes  more  coarsely 
grained,  as  does  the  Clifton  City, 
where  it  occurs  towards  the  base  of 
the  Cedar  City  sequence.  Laterally, 
with  the  introduction  of  quartz  sand, 
it  grades  into  the  Mineola. 

The  Little  Shaver  Creek  Facies : 

1.  overlies,  underlies,  and  inter¬ 
fingers  with  the  Smithton 
Facies. 

2.  overlies,  underlies,  and  inter- 
fingers  with  the  Clifton  City 
Facies. 

3.  overlies,  underlies,  and  inter- 
fingers  with  the  Little  Splice 
Creek. 

4.  overlies,  underlies,  and  inter- 
fingers  with  the  Sandy  Hook 
Facies. 

5.  overlies,  underlies,  and 
grades  into  the  Mineola  Fa¬ 
cies. 


Figure  7. — A  ledge  of  typical  Little 
Shaver  Creek  Physiofacies  in  its  type 
area  (center  Ny2  S y2  NW  Sec.  35,  T.46 
N.,  R.20  W.),  Pettis  County,  Missouri,  in 
draw  just  east  of  county  road. 
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6.  overlies  and  underlies  the 

Calwood  Facies. 

7.  overlies  and  underlies  the 

Lupus  Facies. 

8.  overlies  and  underlies  the 

La  mine  River  Facies. 

9.  overlies,  underlies,  and  inter¬ 
fingers  with  the  Shiel  Facies. 

10.  overlies  the  Cotter- Jefferson 
Formations  ( L  o w e  r  Ordo¬ 
vician) . 

11.  underlies  the  Siphonodella 
Beds  of  the  Bachelor  Forma¬ 
tion  (basal  Mississippian) . 

Since  the  Little  Shaver  Creek  is 
stratigraphically  equivalent  to  the 
Mineola,  Sandy  Hook  and  Calwood 
Facies  which  contain  Middle  Devon¬ 
ian  fossils,  the  Little  Shaver  Creek 
is  here  regarded  as  Middle  Devonian 
in  age.  At  some  places  the  lamina¬ 
tions  in  Little  Shaver  Creek  are  prob¬ 
ably  organic  in  origin  (NE  SW  SW 
N  i/2  Sec.  2,  T.  55  N.,  R.  5  W.,  Ralls 
County),  but,  for  the  most  part,  the 
laminations  seem  to  be  sedimentary 
in  origin. 

Little  Splice  Creek  Brecciated 
Limestone  Physio  facies. —The  Little 
Splice  Creek  Brecciated  Limestone 
Facies  is  named  for  Little  Splice 
Creek  in  Moniteau  County.  This 
creek  empties  into  the  Missouri  River 
less  than  0.25  mile  northwest  of  a 
measured  section  (Section  7)  which 
well  displays  the  facies.  The  Little 
Splice  Creek  Facies  is  best  developed 
in  Moniteau  and  Ralls  Counties.  It, 
also  occurs  in  Pettis,  Cooper,  Cole, 
Boone  and  Callaway  Counties.  The 
thickest,  well-developed  section  is  in 
the  quarry  of  the  Central  Stone  Com¬ 
pany  at  Huntington,  Ralls  County 
(Section  6).  Here  about  eight  feet 
is  present.  Therefore,  the  thickness 


of  the  facies  ranges  from  zero  to 
eight  feet. 

The  Little  Splice  Creek  Facies  is 
light  to  medium  grayish-tan  or  tan- 
nish-gray,  light  gray  to  white,  pink¬ 
ish-tan  or  light  to  dark  bluish-tan, 
and,  in  some  places,  dark  tannish- 
gray  in  color.  It  is  a  dense  to  sub- 
lithographic,  brecciated  limestone, 
somewhat  arenaceous  especiallv  to¬ 
wards  the  base,  with  chert  and  chal¬ 
cedony-filled  vugs ;  calcite-filled  vugs, 
veins  and  vermicides;  clay  partings 
and  sand  lenses.  I11  part  it  is  lami¬ 
nated  and  intraclastic.  The  limestone 
breccia  fragments  range  in  color 
from  grayish-tan,  tannish-gray  or 
light  gray  to  red  and  brown.  I11  size 
they  range  from  fine  grains  to  peb¬ 
bles  and  cobbles,  but  are  largely  in 
the  granule  to  cobble  range.  The  Lit¬ 
tle  Splice  Creek  Facies  is,  for  the 
most  part,  thick-bedded  to  massive. 

The  Little  Splice  Creek  Facies : 

1.  underlies  the  Siphonodella 
Beds  of  the  Bachelor  Forma¬ 
tion  (basal  Mississippian). 

2.  underlies,  overlies  and  inter¬ 
fingers  with  the  Little  Shaver 
Creek  Facies. 

3.  underlies,  overlies  and  inter- 
fingers  with  the  Smithton 
Facies. 

4.  overlies  and  interfingers  with 
the  La  mine  River  Facies. 

5.  underlies  and  grades  into  the 
Sandy  Hook  Facies. 

6.  underlies  and  interfingers 
with  the  Mineola  Facies. 

7.  overlies  the  Lupus  Facies. 

8.  overlies  the  Shiel  Facies. 

9.  overlies  the  Jefferson  City 
Formation  ( Lower  0 rdo- 
vician) . 
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At  two  localities  the  breccia  con¬ 
tains  fossils.  The  one  (Section  7) 
about  1  mile  southeast  of  Lupus, 
Moniteau  County,  along  the  Missouri 
River,  contains  horn  corals,  Favo- 
sites  romingeri  var.,  Blothrophyllum 
cooperensis,  Eosyringothyris  sp.,  Fa- 
vosites  alpenensis  var.,  and  Stro- 
pheodonta  sp.  Here  the  breccia  also 
contains  reworked  pebbles  and  cob¬ 
bles  of  the  Little  Shaver  Creek.  At 
another  locality  (SC  SE  SW  SE  Sec. 
5,  T.  47  N.,  R.  14  W.)  about  1  mile 
northwest  of  Lupus,  Moniteau  Coun¬ 
ty,  the  breccia  contains  two  species 
of  Blothrophyllum  and  Favosites  al¬ 
penensis  var. 

Thus  the  Little  Splice  Creek,  is 
for  the  most  part,  stratigraphically 
younger  than  the  Larnine  River  and 
Shi  el  Facies,  is  stratigraphically 
equivalent  to  the  Smithton,  Little 
Shaver  Creek,  Sandy  Hook  and  Min- 
eola  Facies  and  contains  fossils  which 
are  also  present  in  the  Callaway 
Lithofacies.  Therefore,  the  Little 
Splice  Creek  is  considered  to  be  Mid¬ 
dle  Devonian  in  age. 

The  Smithton  Dense  Limestone 
Physio  facies. — The  Smithton  Facies 
is  named  from  outcrops  in  Pettis  and 
Cooper  Counties  within  an  area  3.5 
miles  north  and  2.5  miles  east  of  the 
town  of  Smithton,  for  which  it  is 
named,  Pettis  County.  This  facies 
is  especially  well  exposed  in  an 
abandoned  quarry  (Section  5)  along 
the  north  side  of  U.S.  Highway  50 
about  3  miles  northeast  of  Smithton. 
Here  over  25  feet  of  this  facies  is  ex¬ 
posed,  the  maximum  observed.  The 
Smithton  Facies  crops  out  in  Saline, 
Pettis,  Cooper,  Morgan,  Moniteau, 
Cole,  Boone,  Callaway,  Montgomery, 
Pike,  Ralls  and  Marion  counties. 


Tlie  Smithton  Facies  consists  of 
limestone,  light  to  dark  grayish-tan 
or  tannish-gray,  medium  reddish- 
gray  or  medium  bluish-gray  or  pink¬ 
ish-tan,  very  finely  clastic,  dense  or 
sublithograph ic,  medium  to  thick- 
bedded  or  massive,  in  part  vermicu¬ 
lar  with  vermicules  vertical,  oblique 
or  horizontal  to  the  bedding  planes. 
This  limestone  is  also  in  part  calcitic, 
with  calcite-filled  veins,  vugs  and 
vermicules  (sparry  calcite)  ;  in  part 
pyritic,  with  pyrite-filled  veins  and 
vugs ;  the  darker  color  present  is 
often  due  to  pyrite  concentrations. 
At  one  locality  the  Smithton  contains 
joints  and  vugs  filled  with  barite 
(Section  5).  It.  also  contains  green 
clay -filled  vugs,  vermicules  and  part¬ 
ings,  limonite  staining  and  pellets, 
limonite-filled  vugs  and  vermicules, 
hematite  staining  and  pellets,  and 
hematite-filled  vugs  and  vermicules. 
In  places  the  Smithton  is  partially 
crinoidal,  where  it  is  adjacent  to  the 
Mineola  Facies.  At  some  localities 
the  Smithton  is  in  part  glauconitic 
towards  the  base.  The  contained 
sparry  calcite  may  be  aligned  paral¬ 
lel  to  the  bedding  planes  and  may  al¬ 
so  be  silicified.  In  places  the  Smith- 
ton  is  mottled.  The  mottling,  more 
often  than  not,  is  due  to  concentra¬ 
tions  of  pyrite,  the  darker  color  men¬ 
tioned  above.  In  part  the  Smithton 
is  stylolitic  and  contains  scattered 
angular,  but  usually  rounded  and  in 
part  frosted,  quartz  grains  at  various 
horizons.  x\t  one  locality  (Section 
5)  the  facies  contains  secondary 
(“leak”)  clay-shale  partings  of  red 
to  purple  color,  probably  Pennsyl¬ 
vanian  material.  In  places  the 
Smithton  contains  Jefferson  City- 
type  chert  near  the  base.  In  other 
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places,  also  at  various  horizons,  it 
contains  white  to  medium  blue  or 
bluish-gray  chert  in  elongate  nod¬ 
ules,  one  quarter  inch  by  two  to 
three  inches,  or  in  layers  as  thick 
as  ten  inches  to  one  foot.  The  lat¬ 
ter,  where  observed,  were  at  or  near 
the  base  of'  the  facies.  The  thick- 
bedded  chert  is  often  vermicular.  The 
Smithton  is  also  in  part  clastic,  be¬ 
coming  more  clastic  towards  the  east 
in  Moniteau,  Cole,  Boone,  Callaway 
and  Montgomery  Counties.  Ripple 
marks  are  present  in  the  middle  of 
the  Smithton  section  (NAY  NAY  SAY 
SAY  Sec.  34,  T.  47  N.,  R.  19  AY., 
Cooper  County)  and  at  the  top  of 
the  Smithton  section  (across  U.S. 
Highway  54  from  Section  2).  AYhere 
sparritic,  the  Smithton  is  similar  to 
the  Clifton  City  in  lithology.  The 
Smithton  Physiofacies  represents  the 
“typical”  Cooper  of  previous  au¬ 
thors. 

The  Smithton : 

1.  overlies  and  underlies  the 
Lamine  River  Facies. 

2.  overlies,  underlies  and  inter¬ 
fingers  with  the  Little  Shav¬ 
er  Creek  Facies. 

3.  overlies,  underlies  and  inter¬ 
fingers  with  the  Little  Splice 
Creek  Facies. 

4.  overlies,  underlies  and  inter¬ 
fingers  with  the  Clifton  City 
Facies. 

5.  overlies,  underlies  and  inter¬ 
fingers  with  the  Mineola  Fa¬ 
cies. 

6.  overlies,  underlies  and  prob¬ 
ably  interfingers  with  the 

Sandy  Hook  Facies. 

*/ 

7.  overlies  and  underlies  and  in¬ 
terfingers  with  the  Calwood 
Facies. 


8.  overlies,  underlies  and  inter- 
fingers  with  the  Lupus  Fa¬ 
cies. 

9.  overlies  the  Joachim  Forma¬ 
tion  (Middle  Ordovician). 

10.  overlies  the  Cotter- Jefferson 
City  (Lower  Ordovician). 

11.  overlies  the  Saint  Peter 
Formation  (M  i  d  d  1  e  Ordo¬ 
vician) . 

12.  underlies  the  Siphonodella 
Beds  of  the  Bachelor  (basal 
Mississippian) . 

13.  underlies  the  Chouteau 
Formation  (Kinderhook) . 

The  Smithton  contains  abundant 
charophytes  and  ostracodes  in  places. 
Charophvtes  are  especially  abundant 
throughout  the  Smithton  Facies 
(NAY  SE  SE  NAY  Sec.  5,  T.  47  N., 
R.  19  AY.,  Cooper  County),  about 
1.75  miles  northeast  of  Clifton  City 
along  the  northwest  side  of  State 
Highway  135.  Ostracodes  are  also 
abundant  at  or  near  the  base  of  this 
facies,  especially  in  an  abandoned 
quarry,  about  2.25  miles  west  of  Ot- 
terville  along  the  north  side  of  U.S. 
Highway  50  (Section  5). 

In  Boone  County  (E  %  SAY  NE 
NE  Sec.  4,  T.  45  N.,  R.  12  AY.),  the 
Smithton  contains  Turbinopsis  pro- 
videncis.  AYhat  Marbut  (1907)  re¬ 
ferred  to  as  an  abundant  “  loose 
growing  compound  coral  ’  ’  in  Mor¬ 
gan  County  apparently  is  actually 
vermicules  filled  with  calcite  which 
stand  out  in  relief  due  to  weathering. 
The  Smithton  contains  Bensselandia 
in  the  Hall  and  Riley  Quarry  (NAY 
SAY  SAY  Sec,  23,  T.  49  N.,  R.  21  AY., 
Saline  County). 

Since  the  Smithton  contains  Bens¬ 
selandia,  it  must  be  considered  Mid¬ 
dle  Devonian  in  age.  It  should  be 
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noted  that  the  Smithton  interfingers 
or  is  closely  associated  stratigraphic- 
ally  with  facies  which  do  contain 
Middle  Devonian  fossils  in  central 
and  northeastern  Missouri.  It  should 
also  be  noted  that  the  trochiliscid- 
type  of  charophyte  found  in  the 
Smithton  in  west  central  Missouri  is 
not  known  from  rocks  older  than  De¬ 
vonian. 

The  Clifton  City  Intraclastic  Lime¬ 
stone  Physio  facies.  —  The  Clifton 
City  Facies  was  named  from  an  out- 
crop  in  a  road  ditch  along  the  east 
side  of  a  county  road  about  0.5  mile 
south  of  the  town  of  Clifton  City, 
for  which  it  is  named,  in  Cooper 
County  (CL  between  Sections  17  and 
18,  T.  46  N.,  R.  19  AY.).  Here  about 
eleven  feet,  the  maximum  observed, 
is  exposed.  The  facies  is  also  well 
exposed  about  1.75  miles  northeast 
of  Clifton  City  along  the  northwest 
side  of  State  Highway  135  (NAAr  SE 
SE  NAY  Sec.  5,  T.  47  N.,  R.  19  AY.), 
Cooper  County.  The  Clifton  City  Fa¬ 
cies,  about  nine  feet,  is  well-exposed 
in  an  abandoned  quarry  along  the 
north  side  of  U.S.  Highway  50,  about 
2.25  miles  west  of  Otterville  (Section 
5)  in  Cooper  County.  This  facies  is 
also  exposed  in  Saline,  Pettis,  Mor¬ 
gan,  Moniteau,  Cole,  Boone,  and 
Callaway  Counties. 

The  distinguishing  lithologic  char¬ 
acteristic  of  the  Clifton  City  Facies 
is  the  placement  of  the  sparry  calcite 
which  tends  to  enclose  groups  of  clas¬ 
tic  particles,  giving  the  rock  a  rough¬ 
ly  reticulate  appearance.  The  Clif¬ 
ton  City  Facies  consists  of  intraclas¬ 
tic  limestone,  very  light  to  dark 
tannish-gray  or  light  to  medium 
grayish-tan,  light  to  medium  pinkish- 
gray  or  pinkish -tan  in  color.  In 
some  places  it  is  abundantly  pyritic. 


This  facies  varies  from  medium  to 
thick-bedded  or  massive  and  not  un¬ 
commonly  contains  scattered,  round¬ 
ed,  and,  in  places,  frosted  grains  of 
fine  quartz.  Rarely  it  is  vermicular. 
It  contains  many  veins  and  vugs 
filled  with  sparry  calcite  and  green 
clay,  the  latter  especial ly  toward  the 
top  of  outcrops.  In  places  it  is  lim- 
onitic  and  hematitic  and  occasionally 
contains  thin  quartz  sand  lenses.  In 
one  outcrop,  pseudomorphs  of  lim- 
onite  after  pyrite  occur.  Only  the 
presence  of  laminations  make  the  Lit¬ 
tle  Shaver  Creek  distinguishable 
from  it  in  the  lower  part  of  Cedar 
City  sections  in  Moniteau  and  Boone 
Counties.  In  places  the  Clifton  City 
is  stylolitic. 

The  Clifton  City  Facies : 

1.  overlies,  underlies  and  inter¬ 
fingers  with  the  Smithton 
Facies.  It  should  be  noted 
here  that  the  Clifton  City 
becomes  more  coarselv  clas- 
tic  in  Moniteau,  Cole,  Boone 
and  Callaway  Counties  as 
compared  to  its  nature  in 
Saline,  Pettis,  Cooper  and 
Morgan  Counties.  Also,  in 
the  first  mentioned  group  of 
counties  the  Clifton  City  is 
largely  contained  within  the 
Smithton  Facies,  which  also 
becomes  more  clastic  coming 
east  into  central  Missouri.  As 
the  Clifton  City  and  the 
Smithton  become  more  clas¬ 
tic  and  finally  develop  a 
‘  1  grainy  appearance,  ’ 7  they 
form  the  Calwood  Facies. 
AYhen  they  become  sandy 
and  crinoidal,  as  well  as 
coarsely  clastic,  they  form 
the  Mineola  Facies.  If  they 
are  dolomitized,  which  seems 
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to  occur  only  in  areas  where 
«/ 

they  have  become  relatively 
coarsely  clastic,  they  form 
the  Sandy  Hook  Facies.  As 
long*  as  the  limestones  in 
question  have  the  appearance 
of  being*  a  dense  limestone 
in  the  field,  even  though  they 
may  be  quite  clastic,  but  fine¬ 
ly  so,  they  are  assigned  to  the 
Smithton  and  Clifton  City 
Facies. 

2.  overlies,  underlies  and  inter- 
fingers  with  the  Little  Splice 
Creek  Facies. 

3.  overlies,  underlies  and  inter- 
fingers,  as  well  as  grades  up¬ 
ward  into,  Little  Shaver 
Creek  Facies. 

4.  overlies,  underlies  and  inter¬ 
fingers  or  is  adjacent  to  the 
Mineola  Facies.  The  latter 
situation  exists  where  there 
is  an  erosional  contact  be¬ 
tween  the  two. 

5.  overlies,  underlies  and  inter- 
fingers  with  the  Sandy  Hook 
Facies. 

6.  overlies,  underlies  and  inter¬ 
fingers  with  the  Calwood  Fa¬ 
cies. 

7.  overlies  and  underlies  and  in 
places  interfingers  with  the 
Lupus. 

8.  overlies  Lamine  River  Fa¬ 
cies. 

9.  overlies  the  Jefferson  City 

«/ 

Formation  (Lower  Ordovic¬ 
ian  ) . 

10.  overlies  the  Saint  Peter 
Formation  (Middle  Ordo¬ 
vician) . 

11.  underlies  the  Siphonodella 
Beds  of  the  Bachelor  Forma¬ 
tion  (basal  Mississippian) . 


Where  the  Clifton  City  is  con¬ 
tained  within  the  Smithton  the  for¬ 
mer  sometimes  contains  ostracodes. 
West  of  Holts  Summit  where  the 
Clifton  City  grades  into  the  Mineola 
ostracodes  are  present.  Megafossils 
are  found  in  this  physiofacies  only 
in  the  Boone-Callaway  County  area. 

Since  the  Clifton  City  Facies  con¬ 
tains  Middle  Devonian  fossils,  inter- 
fingers  with  and  is  otherwise  closely 
allied  to  the  Calwood,  Mineola  and 
Sandy  Hook  Facies  which  contain 
Middle  Devonian  fossils,  the  Clifton 
City  Facies  must  be  considered  strat- 
igraphically  equivalent  to  those  fa¬ 
cies  and  of  Middle  Devonian  age. 

The  Callaway  Limestone  Litho- 
facies.  - —  The  Callaway  Limestone 
Lithofacies  is  best  developed  in  Cal¬ 
laway  County.  The  most  representa¬ 
tive  outcrop  is  located  about  2.25 
miles  northeast  of  Hams  Prairie 
(Section  8).  This  section  displays 
well  the  Mineola,  Sandy  Hook  and 
Calwood  Physiofacies  and  at  the  base 
a  thin  bed  of  Lupus  Sandstone.  The 
former  three  physiofacies  are  over- 
lain  by  the  Calwood  (“  grainy” 
Smithton)  Physiofacies  and  are  un¬ 
derlain  by  the  Smithton  of  the 
Cooper  Lithofacies.  The  Smithton 
interfingers  with  the  Little  Shaver 
Creek  Facies  and  the  Little  Splice 
Creek  Facies  in  descending  order,  all 
physiofacies  of  the  Cooper  Litho¬ 
facies.  This  section  also  displays  well 
the  Hexagonaria  profunda,  Hexa- 
gonaria  lativentra,  Atrypa  missouri- 
ensis ,  & Hropheodonta,  Tahulophyllum 
and  Stachyodes  biofacies. 

Grreger  (1936)  mentioned  Bellama 
Springs,  Callaway  County,  as  the 
type  section  of  the  Callaway  Forma¬ 
tion  ;  no  further  information  was 
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found.  This  outcrop  is  located  about 
0.75  mile  north  and  slightly  east  of 
the  Hams  Prairie  locality,  referred 
to  above.  The  name  Bellama  Springs 
is  no  longer  in  general  use  and  could 
not  be  found  on  any  of  the  avail- 
able  maps.  According  to  M.  (t.  Mehl, 
however,  (personal  communication) 
the  section  referred  to  as  Bellama 
Springs  by  Greger  is  the  same  sec¬ 
tion  which  is  herein  referred  to  as 
the  Crow’s  Fork  section  (SW  NAY 
NAY  NE  Sec,  1,  T.  46  N.,  R.  9  AY., 
Callaway  County).  The  section  does 
not  show  the  Mineola  Phvsiofacies 
or  the  Stropheodonta  and  Tabulo- 
phyllum  Biofacies  as  well  as  the 
Hams  Prairie  section  does.  Nor  does 
the  Crow’s  Fork  section  include  any 
Lupus  Sandstone  (Figs,  8-11) 

The  thickest  section  of  the  Cal¬ 
laway  Lithofacies  observed  and  meas¬ 
ured  is  about  63.5  feet  in  thickness 
and  occurs  at  the  junction  of  a  west- 
flowing  tributary  to  Auxvasse  Creek 
and  Auxvasse  Creek  (NAY  SE  SE 
Sec.  8,  T.  48  N.,  R.  8  AY.,  Callaway 
County),  overlying  the  Little  Shaver 
Creek  Facies  of  the  Cooper  (called 
Plattin  by  Branson)  and  covered 
above. 


Figure  8. — Greger’s  type  section  of  the 
Callaway  Formation  at  Bellama  Springs 
(SW  NW  NW  NE  Sec.  1,  T.46  N.,  R.9 
W.),  Callaway  County,  Missouri,  along 
northwest  side  of  county  road. 


Figure  9. — Upper  part  of  the  type  sec¬ 
tion  of  the  Callaway  Lithofacies  (Sec¬ 
tion  8). 


Figure  10. — Middle  part  of  the  type 
section  of  the  Callaway  Lithofacies  (Sec¬ 
tion  8). 


Figure  11. — Lower  part  of  the  type 
section  of  the  Callaway  Lithofacies  (Sec¬ 
tion  8). 


Lithologically  the  Callaway  Litho- 
facies  consists  of  limestone,  very 
light  to  dark  tannish-gray  or  gray¬ 
ish-tan,  fine-grained,  thin-bedded  to 
massive,  in  part  dolomitic,  argilla¬ 
ceous,  coarsely  crinoidal  and  arena¬ 
ceous. 
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The  Callaway  Lithofacies  crops 
out  in  Saline,  Pettis,  Cooper,  Moni¬ 
teau,  Cole,  Boone,  Callaway,  Mont¬ 
gomery,  Warren,  Saint  Charles,  Lin¬ 
coln,  Pike,  Ralls,  and  Marion  Coun¬ 
ties.  It  is  overlain,  underlain,  and 
interfingers  with  the  various  phvsio- 
facies  of  the  Cooper  Lithofacies. 
Where  not  directly  associated  with 
the  Cooper,  in  Saline  County,  north 
of  Saline  City,  it  is  underlain  by 
the  Kimmswick  Formation.  It  is  un¬ 
derlain  by  the  Jefferson  City  and 
Saint  Peter  Formations  in  Moni¬ 
teau,  Cole,  Boone  and  most  of  Calla¬ 
way  County.  Along  Clarks  Branch 
north  of  Williamsburg,  the  Callaway 
is  underlain  by  the  Platt  in  and  south- 
east  of  Readsville  along  Big  Tavern 
and  Tavern  Creeks  it  is  underlain 
by  the  Joachim.  In  Montgomery 
County  the  Callaway  is  underlain 
by  the  Plattin  and  Joachim.  In  War¬ 
ren  County  it  is  underlain  in  the 
western  part  by  the  Plattin,  and 
south  of  Warrenton  by  the  Kimms¬ 
wick.  It  is  also  underlain  by  the 
Kimmswick,  where  exposed,  in  Saint 
Charles  County.  In  Lincoln  County 
it  is  underlain  by  the  Maquoketa.  In 
Pike  County  the  Callaway  is  under- 
lain  by  the  Bowling  Green  or  the 
Maquoketa.  In  Ralls  County  the 
Callaway  overlies  Kimmswick  or  the 
Maquoketa.  In  Marion  County  it  ap¬ 
parently  also  overlies  Kimmswick, 
but  the  underlying  strata  and  the 
base  of  the  Callaway  were  not  seen 
there. 

Where  it  is  not  associated  with  the 
Cooper  or  is  not  covered  the  Calla¬ 
way  is  overlain  in  Saline,  Pettis, 
Cooper,  Moniteau  and  Cole  Counties 
by  the  Siphonodella  Beds  of  the 
Bachelor  Formation.  In  Moniteau 
County  (NE  SW  SW  NW  Section 


4,  T.  47  N.,  R.  14  W.)  the  Callaway 
Lithofacies  is  overlain  by  shale  litho¬ 
logically  similar  to  a  small  patch  of 
shale  overlying  the  Cedar  City  in 

Boone  County  about  one  mile  south- 
«/ 

east  of  Providence  along  the  Mis¬ 
souri  River  bluffs  (near  the  center 
of  Section  28,  T.  47  N.,  R.  13  W.). 
This  shale  was  formerly  referred  to 
the  Grassy  Creek  Formation,  but  is 
now  regarded  as  Holts  Summit  by 
M.  G.  Meld  (personal  communica¬ 
tion)  (see  Rush,  T.  D.,  1950).  In 
Boone  County  it  is  also  overlain  by 
the  Siphonodella  Beds  or  where  they 
are  absent,  by  the  Chouteau.  In  Cal- 
laway  County  it  is  overlain  by  the 
Siphonodella,  Beds,  Pennsylvanian 
sands  and  shales  or  by  the  Upper 
Devonian  Snyder  Creek  or  Holts 
Summit  Formations.  In  Montgom¬ 
ery  County  it  is  overlain  by  the  Sny¬ 
der  Creek  Shale.  In  Warren  County, 
where  observed,  it  is  overlain  by  the 
Bachelor  or  the  Chouteau  Formation. 
In  Saint  Charles  County  the  Calla- 
way  is  covered  above.  In  Lincoln 
County  it  is  overlain  by  the  Chouteau 
and  Grassy  Creek  Formations.  In 
Pike  County  it  is  overlain  by  the 
Grassy  Creek  and  Turpin  Sandstone. 
In  Ralls  County  it  is  overlain  by 
Grassy  Creek,  covered  or  overlain  by 
part  of  the  Cooper  Lithofacies.  In 
Marion  County  it  is  overlain  by  the 
Grassy  Creek  Shale.  (See  Table  3. — 
Megafauna  of  the  Callaway  Litho¬ 
facies). 

The  Callaway  Lithofacies  under¬ 
lies  the  Snyder  Creek,  Turpin,  Gras¬ 
sy  Creek,  Holts  Summit,  Massie 
Creek,  Siphonodella  Beds  of  the 
Bachelor  Formation  or  Bachelor, 
Chouteau  Formations  and  Pennsyl¬ 
vanian  sandstones.  It  overlies  the 
Jefferson  City,  Saint  Peter,  Joachim, 
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Table  3.  —  Megafauna  of  the  Callaway 
Lithofacies. 

Coelenterata 

Alveolites  sp.  no.  1 

Alveolites  sp.  no.  2 

Alveolites  sp.  no.  3 

Alveolites  suborbicularis  Lamarck 

Aulaeophyllum ?  sp. 

Aulopora  sp.  no.  1 
Aulopora  sp.  no.  2 
Aulopora?  sp.  no.  3 
Bethany phyllum?  sp. 

Bethany phyllum  sp. 

Billing sastraea  billingsi  (Calvin) 
Blothrophyllum  cooperensis 
(Branson ) 

Blothrophyllum  sp. 

Chaetetes  sp. 

Cladopora  dichotoma  Hall 
Cladopora  roemeri  (Billings) 
Cladopora  sp. 

Cylindro phyllum  panicum 
'  (Winchell) 

Cystiphylloides  americanus 
(Edwards  and  Haime) 
Cystiphylloides  conifolis  (Hall) 
Drymopora  grabaui  (Branson) 
Eridophyllum  sp.  no.  1 
Eridophyllum  sp.  no.  2 
Eridophyllum  sp.  cf.  E.  seriate 
Edwards  and  Haime 
Favosites  alpenensis  alpenensis 
Wincliell  and  varieties 
Favosites  romingeri  romingeri 
Swann  and  varieties 
Favosites  sp. 

Hallia?  sp. 

Heliophyllum  halli  Edwards  and 
Haime 

Heliophyllum  halli  degener  Hall 
Heterophrentis  prolifica ?  (Billings) 
H eteroph rentis ?  sp. 

H exagon aria  brand onensis 
( Stain  brook ) 

Hexagonaria  cedar ensis 
(Stainbrook) 

Hexagonaria  lativentrum 
(Stainbrook) 

Hexagonaria  profunda  (Hall) 
Moravophyllum  sp.  no.  1 
M oravophyllum  sp.  no.  2 
Moravophyllum?  sp. 

T  abulophyllum  call  aw  ay  ensis 
(Branson) 

Tabu  loph  yllum  callaway ensis  ? 

( Branson ) 

Thamnopora  limitaris  Rominger 
Thamnopora  limitaris?  Rominger 
W edekindophyllum  sp. 


Stromatopora 

Anostylostroma  laxum  Galloway  and 
St.  Jean 

Clathrocoilona  abeo7ia  Yavorsky 
Stachyodes  caespitosa  Lecompte 
Stromatopora  divergens  Galloway 
and  St.  Jean 

Stromatopora  divergens?  Galloway 
and  St.  Jean 

Stromatopora  pachytexta  Lecompte 
Stromatopora  obscura  Galloway  and 
St.  Jean 

Stromatopora  submixta  Galloway 
and  St.  Jean 

Annelida 

Spirorbis  omphaloides  Goldfuss 
Blastoidea 

Codaster  gracilis  (Wachsmuth) 
Pentremitidea  sp. 

Placoblastus  sp.,  cf.  P.  obovatus 
(Barris) 

Crinoidea 

M egistocrinus  missouri en s is 
Branson  and  Wilson 

Echinoidea 

Echinoid  spines 

Bryozoa 

Acrogenia  prolifer  a?  Hall 
Anastomopora  sp.  cf.  A.  cinctuta 
(Hall) 

Coscinotrypa  miss  our  ien  s  i  s 
(Branson) 

F enestella  missouriensis  Branson 
Fistulipora  communis  (Ulrich) 
Fistulipora  magna-m onticulata 
(Branson ) 

Fistulipora  sp. 

Hederella  sp.,  cf.  H.  calvini  Bassler 
Hederella  conferta  (Hall) 

Hederella  filiformis  (Billings) 
Hemitrypa  mineolaensis  Branson 
Hemitrypa  sp. 

Leioclema  occidens 
(Hall  and  Whitfield) 

Polypora  finitima?  Deiss 
Polypora  sp.,  cf.  P.  magnifica  Deiss 
Polypora  sp.  no.  1 
Polypora  sp.  no.  2 
Reptaria  stolonifera  Rolle 
Stictopora  subcarinata  Hall 
Sulcoretepora  mineolaensis 
( Branson) 

Taeniopora  exigue  Nicholson 
Trematopora  ( Orthopora )  reticula¬ 
ta?  Hall 
Trematopora?  sp. 
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Brachiopoda 


Anathyris  quadrilobata  Cooper 
Ambothyris  halli  (Branson) 

Athyris  fultonensis  Branson 
Athyris  nuculoidea  Cooper 
Athyris  sp.,  cf.  A.  nuculoidea  Cooper 
Athyris  vittata  (Hall) 

Athyris  vittata  (Hall)  var. 

Athyris  ?  sp. 

Atrypa  bellula  Stainbrook 
Atrypa  sp.  no.  1 
Atrypa  devoniana  bentonensis 
Stainbrook 


Atrypa  devoniana  var. 

Atrypa  sp.,  cf.  A.  spinosa  Hall 
Centronella  sp. 

Cranaena  elia  (Hall) 

Cranaena  iowensis  (Calvin) 
Cranaena  jacunda  Hall 
Cranaena  jacunda  ?  Hall 
Cranaena  late  Stainbrook 
Cranaena  lincklaeni  (Hall) 
Cranaena  lincklaeni?  (Hall) 
Cranaena  littletonensis  Stainbrook 
Cranaena  romingeri  (Hall) 
Cranaena  romingeri?  (Hall) 
Cranaena  sp.,  af.  C.  romingeri 
(Hall) 


Cranaena  sp. 

Cranaena  subglobosa  Stainbrook 
Cranaena  sublingulata  Stainbrook 
Cranaena  sublingulata?  Stainbrook 
Cranaena  subobata  Savage 
Cranaena  sp.,  aff.  C.  thomasi 
Stainbrook 

Crania  crenustriata  Hall 
Cyrtina  hamiltonensis  (Hall) 
Cyrtina  missouriensis  (Swallow) 
Cyrtina  missouriensis?  (Swallow) 
Cyrtina  sp. 

Cyrtina  triquetra  (Hall) 

Cyrtina  triquetra?  (Hall) 

Douvillina  bellistriata  Cooper  and 
Cloud 

Douvillina  sp. 

Elytha  subundifera  (Meek  and 
Worthen) 

Eosyringothyris  aspera  (Hall) 
Eosyringothyris  aspera?  (Hall) 
Eosyringothyris  calvini  Stainbrook 
Eosyringothyris  sp. 

Eosyringothyris  occidentalis 
(Swallow) 

Eosyringothyris  sp. 

Eosyringothyris?  sp. 

Eosyringothyris  thomasi  Stainbrook 
Leptaena  sp. 

Leptostrophia  fragilis  Hall 
Leptostrophia  occidentalis 
Stainbrook 

Leptostrophia  sp.,  cf.  L.  occidentalis 
Stainbrook 

Leptostrophia  perplana  (Conrad) 


Leptostrophia  perplana?  (Conrad) 
Lingula  sp. 

Meristella  carinata?  Stewart 
Meristella  sp.,  cf.  M.  parva  Cooper 
and  Cloud 
Meristella  sp. 

Mutationella?  sp. 

Nucleospira  ventricosa  (Hall) 
Nucleospira  ventricosa?  (Hall) 
Orbiculoidea?  sp. 

Pentamerella  laeviscula  (Hall) 
Pentamerella  liorhyncha  liorhyn- 
choidea  Cooper  and  Cloud 
Pentamerella  sp. 

Pentamerella  magna  Stainbrook 
Pentamerella  sp.,  cf.  P.  multicostata 
Cleland 

Pentamerella  obsolescens  (Hall) 
Pentamerella  sp. 

Pentamerella?  sp. 

Petrocrania  sp. 

Petrocrania  sp.  no.  3 
Petrocrania  sp.  no.  4 
Pholidostrophia  ioivensis  (Owen) 
Productella  sp.  no.  1 
Productella  sp.,  cf.  P.  belanskii 
Stainbrook 

Productella  callcnvayensis 
( Swallow) 

Productella  sp.  no.  2 
Productella?  sp. 

Rensselandia  johanni  (Hall) 
Rensselandia  missouriensis 
(Swallow) 

Rhipidothyy'is  lepida  Hall 
Schizophoria  iowensis  Hall 
Schizophoria  lata  Stainbrook 
Schizophoria  lata?  Stainbrook 
Schizophoria  laudoni  Stainbrook 
Schizophoria  laudoni?  Stainbrook 
Schizophoria  propinqua  (Hall) 
Schizophoria  sp. 

Schuchertella  arctostriata  (Hall) 
Schuchertella  sp.,  cf.  S.  arctostriata 

(Hall) 

Schuchertella  sp.,  cf.  S.  chemungen- 
sis  (Conrad) 

Schuchertella  sp.,  cf.  S.  iowensis 
Stainbrook 

Schuchertella  sp.,  cf.  S.  perversa 
(Hall) 

Schuchei'tella?  sp. 

Spirifer  ( Spinocyrtia )  euruteines 
Owen 

Spirifer  ( Spinocyrtia )  iowensis 
Owen 

Spirifer  ( Spinocyrtia )  sp. 
Stenoscisma  gregeri  (Branson) 
Stenoscisma  gregeri?  (Branson) 
Stenoscisma  sp.  no.  1 
Stenoscisma  sp.  no.  2 
Stropheodonta  sp. 
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Stropheodonta  cedar ensis 
Stainbrook 

Stropheodonta  dorsata  Stainbrook 
Stropheodonta  halli  Cleland 
Stropheodonta  halli?  Cleland 
Stropheodonta  sp.,  cf.  S.  iowensis 
Owen 

Stropheodonta  littletonensis 
Stainbrook 

Stropheodonta  mineolaensis? 
Branson 

Stropheodonta  sp.,  cf.  S.  pai'va  Owen 
Stropheodonta  plicata  Hall 
Stropheodonta  plicata?  Hall 
Stropheodonta  quadratella 
Stainbrook 

Stropheodonta  umbonata  Stainbrook 
Tylothyris  annae  (Swallow) 
Tylothyris  sp.  no.  1 
Tylothyris  sp.  no.  2 
Tylothyris  subvaricosa 
(Hall  and  Whitfield) 

Tylothyris  varicosa  (Hall) 
Tylothyris  varicosa?  (Hall) 

Pelecypoda 

Actinopteria  sp. 

Aviculopecten  sp. 

Aviculopecten?  sp. 

Conocardium  ohioense  Meek 
Conocardium  ornatus  Cleland 
Conocardium  ornatus?  Cleland 
Conocardium  sp.  no.  1 
Conocardium  sp.  no.  2 
Leiopteria  sp.,  cf.  L.  bigsbyi  Hall 
Leptodesma  minutum  Cooper  and 
Cloud 

Leptodesma  sp.,  cf.  L.  rogersi  Hall 
Leptodesma  sp. 

Modiomorpha?  sp. 

Mytilarca  sp. 

Mytilarca?  sp. 

Nucula  sp.,  cf.  N.  corbuliformis  Hall 
Nucula?  sp. 

Paracyclas  rowleyi  (Branson) 
Paracyclas  rowleyi?  (Branson) 
Paracyclas  lirata?  (Conrad) 
Paracyclas  tenuis  Hall 
Schizodus  sp.,  cf.  S.  appressus 
Conrad 

Gastropoda 

Bellerophon  pelops  Hall 
Bellerophan  sp.,  cf.  B.  thalia  Hall 
Bellerophon  sp. 

Euryzone  sp. 

Loxonema  sp.,  cf.  L.  hamiltonae  Hall 
Loxonema  sp.,  cf.  L.  terebra  Hall 
Loxonema  sp. 

Mourlonia  lucina?  (Hall) 

Platyceras  sp.,  cf.  P.  carinatum  Hall 
Platyceras  sp.,  cf.  P.  erectum  Hall 
Platyceras  sp.,  cf.  P.  nodosum 
Conrad 


Platyceras  sp. 

Small,  high-spired  gastropods 

Cephalopoda 

Anastomoceras  sp.  no.  1 
Acleistoceras?  sp.  no.  1 
Acleistoceras?  sp.  no.  2 
Bi'evicoceras?  sp.  no.  1 
Brevicoceras?  sp.  no.  2 
Brevicoceras?  sp.  no.  3 
Brevicoceras?  sp.  no.  4 
Brevicoceras?  sp. 

Micronoceras  sp. 

Michelinoceras?  sp.  no.  1 
Michelinoce7'as?  sp.  no.  2 
Pseudorthoceras?  sp.  no.  1 
Stereotoceras  sp.  no.  1 
Stereotoceras  sp.  no.  2 
Stereotoceras  sp.  no.  3 
Stereotoceras  sp.  no.  4 
Stereotoceras  sp.  no.  5 

Mollusca — Incertae  Sedis 

Tentaculites  bellulus  Hall 
T entaculites  attenuates  Hall 

Trilobita 

Cordania  pulchra  Cooper  and  Cloud 
C ornuproetus  calhounensis 
Cooper  and  Cloud 
Cornuproetus  sp. 

C ornuproetus?  sp. 

Dechenella  elevata  Cooper  and  Cloud 
“ Proetus ”  sp.,  cf.  “P.”  nortoni 
Walter 
“ Proetus ”  sp. 

Scutellum  tullium  depressum 
Cooper  and  Cloud 
Scutellum  sp. 

Pisces 

Ptyctodus  calceolus 

(Newberry  and  Worthern) 

Platt  in,  Kimmswick,  Maquoketa  and 
Bowling  Green  Formations. 

The  Callaway  interfingers  with  the 
Cooper,  underlies  Upper  Devonian, 
in  part,  and  overlies  Upper  Ordo¬ 
vician,  in  part.  The  Callaway  con¬ 
tains  Middle  Devonian  fossils  and  is 
therefore,  Middle  Devonian  in  age. 

The  Lupus  Sandstone  Physio  fa¬ 
cies. — The  Lupus  Sandstone  Facies 
was  named  from  the  town  of  Lupus 
in  Moniteau  County.  The  thickest 
section  of  Lupus  was  observed  and 
measured  about  0.4  mile  northwest 
of  Lupus  along  the  Missouri  River 
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bluffs  (Section  9)  where  17.5  feet  of 
calcareous,  cross-laminated  sandstone 
are  exposed.  The  Lupus  Facies  is 
best  developed  in  Moniteau,  Cole, 
Boone,  Callaway,  and  Ralls  Coun¬ 
ties.  It  also  crops  out  in  Saline, 
Montgomery,  Lincoln,  Pike  and  Mar¬ 
ion  Counties. 

Lithologically,  the  Lupus  is  a 
quartz  sandstone,  white,  light  gray, 
weathering  to  medium  grayish-tan, 
yellowish -white,  light  to  medium 
brown,  yellowish -brown,  reddish- 
brown  or  green ;  fine  to  medium¬ 
grained,  calcareous,  in  part  dolo- 
mitic,  friable  to  fairly  well-cemented, 
with  most  of  the  quartz  sand  being 
well-rounded  and  in  part  frosted, 
similar  to  that  found  in  the  Saint 
Peter  Formation.  In  Cole  County, 
just  northwest  of  Marion,  the  sand 
grains  are  angular  and  unfrosted  and 
are  different  from  those  usually 
found  in  the  Saint  Peter  Formation. 
This  facies  is  not  infrequently  cross- 
laminated,  pyritic,  and  sometimes 
contains  calcite-filled  veins  and  vugs 
and  dark  chert  and  phosphate  peb¬ 
bles.  The  Lupus  Facies  is  lenticular 
and  occurs  at  various  horizons  in  the 
Cedar  City  Formation.  It  is  not  com- 
monly  associated  with  the  Calwood 

Physiofacies. 

«/ 

The  Lupus  facies : 

1.  overlies,  underlies  and  inter- 
fingers  with  the  Lamine  Ri¬ 
ver  Facies. 

2.  overlies  the  Shiel  Facies. 

3.  overlies  and  underlies  the 
Little  Shaver  Creek  Facies. 

4.  overlies,  underlies  and  inter¬ 
fingers  with  the  Sandy  Hook 
Facies. 

5.  overlies,  underlies  and  inter- 
fingers  with  the  Clifton  City 
Facies. 


6.  overlies,  underlies  and  inter- 
fingers  with  the  Little  Splice 
Creek. 

7.  overlies,  underlies  and  inter¬ 
fingers  with  the  Smithton 
Facies. 

8.  overlies,  underlies  and  inter¬ 
fingers  with  the  Mineola  Fa¬ 
cies. 

9.  overlies  and  underlies  the 
Calwood  Facies.  At  some 
places  the  Calwood  is  quite 
arenaceous  (in  the  SE  Sec¬ 
tion  22,  T.  47  N.,  R,  8  AV., 
Callaway  County,  for  exam- 
pie)  indicating  that  it  inter¬ 
fingers  with  the  Lupus. 

10.  overlies  the  Jefferson  City 
Formation  (Lower  Ordovic¬ 
ian)  . 

11.  overlies  the  Saint  Peter 
Formation  (Middle  Ordovic¬ 
ian). 

12.  overlies  the  Kim  ms  wick 
Formation  (Middle  Ordovic¬ 
ian  ) . 

13.  overlies  the  Maquoketa  (Up¬ 
per  Ordovician). 

Along  Stinson  Creek  (SW  SE  Sec¬ 
tion  27,  T.  47  N.,  R.  9  W.,  Callaway 
County)  about  2.75  miles  southeast 
of  Fulton,  the  Lupus  also  contains 
Ptyctodus  calceolus.  Here  the  Lupus 
occurs  about  14  feet  above  the  base 
of  the  Callaway  section,  lying  be¬ 
tween  the  Mineola  above  and  the  Cal¬ 
wood  below.  The  Lupus  is  in  part 
equivalent  to  the  Auxvasse  Creek 
Sandstone  of  Connselman  (1934). 

The  presence  of  Ptyctodus  calceo¬ 
lus  (Newberry  and  Worthern)  indi 
cates  that  the  Lupus  Facies  is  not 
older  than  Devonian  in  age.  The  in¬ 
terfingering  of  Lupus  with  other  Cal¬ 
laway  Facies  which  contain  Middle 


Cedar  City  For  mat  ion 


37 


Devonian  fossils  and  the  presence  of 
Middle  Devonian  fossils  in  the  Lnpns 
indicates  that  the  Lnpns  is  Middle 
Devonian  in  age. 

The  Lnpns  is  probably  equivalent 
to  the  “Hoing ' ’  of  Illinois,  but  the 
exact  stratigraphic  relations  are  not 
known. 

The  Sandy  Hook  Dolomite  and: 
Dolomitic  Limestone  Facies.  —  The 
Sandy  Hook  Facies  was  named  from 
an  abandoned  quarry  about  0.75  mile 
southeast  of  Sandy  Hook,  Moniteau 
County  (Section  10),  along  the  Mis¬ 
souri  River  bluffs.  Here  the  Sandy 
Hook  is  13  feet  in  thickness.  The 
greatest  thickness  of  Sandy  Hook  ob¬ 
served  and  measured  wras  in  the  Fes¬ 
senden  Quarry  about  2.5  miles  east 
of  Ely,  Marion  County  (NW  SE 
Section  29,  T.  57  N.,  R.  6  W.,  Marion 
County).  Here  about  24.5  feet  are 
exposed,  the  upper  two  and  one-half 
feet  interfingering  with  the  Mineola 
and  underlying  the  Lupus  Facies. 
The  Sandy  Hook  Facies  crops  out  in 
Moniteau,  Cole,  Boone,  Callaway, 
Montgomery,  Warren,  Lincoln,  Pike, 
Ralls  and  Marion  Counties. 

Lithologically,  the  Sandy  Hook 
Facies  consists  of  dolomitic  lime¬ 
stone,  silty  to  arenaceous  dolomite  or 
dolomitic  sandstone.  Actually  there 
are  four  lithologic  phases  which  in¬ 
terfinger  with  one  another.  The  first 
phase,  where  the  various  physiofacies 
of  the  Cooper  interfinger  with  the 
Sandy  Hook  Physiofacies,  consists  of 
dolomitic  limestone. 

This  phase  is  best  developed  along 
the  Missouri  River  bluffs  northwest 
of  Lupus  and  northwest  of  Marion 
in  Moniteau  and  Cole  Counties  (SE 
NE  SE  SW  Section  4,  T.  47  N.,  R. 
14  AY.,  Moniteau  County  and  NAY 
NE  SAY  NE  SE  Section  30,  T.  46  N., 


R.  13  \Y.,  Cole  County,  for  exam¬ 
ples).  It  is  light  to  medium  tannish- 
gray  or  grayish-tan,  argillaceous, 
dense  to  fine-grained,  thin  to  thick- 
bedded  or  massive,  in  places  arena¬ 
ceous,  mottled,  calcite-veined  and 
vugged,  finely-laminated  and  slightly 
chertv.  The  chert  is  reworked,  resem- 
bling  that  found  in  the  Jefferson 
City  Formation.  The  second  phase 
which  has  the  greatest  geographic 
distribution,  is  best  developed  in 
Moniteau,  Cole,  Callaway,  Ralls  and 
Marion  Counties  (E  %  SAY  SE  NAY 
Section  15,  T.  47  N.,  R.  14  AY.,  Moni¬ 
teau  County  and  AY  y2  SE  SE  SAY 
NAY  Section  28,  T.  56  N.,  R.  6  AY., 
Ralls  County,  are  fine  examples). 
This  second  phase  consists  mainly  of 
silty,  laminated,  arenaceous  dolomite, 
dolomite  or  dolomitic  sandstone.  It 
is  light  to  medium  yellowish-brown, 
light  to  medium  grayish-tan  or  light 
tannish-gray,  reddish-brown,  green¬ 
ish-gray  or  white  in  color;  dense 
to  medium-grained,  mostly  fine¬ 
grained  ;  thin-bedded,  slabby,  to 
massive,  friable  to  well-cemented, 
the  cement  being  dolomite,  calcite 
and  minor  amounts  of  limonite  and 
hematite ;  earthy ;  in  places  with 
chert,  white,  gray,  dark  blue  or 
black;  laminated,  silty,  arenaceous, 
argillaceous,  mottled,  brecciated,  py- 
ritic  and  glauconitic,  with  rewarked 
chert  similar  to  that  found  in  the 
Jefferson  City  Formation  near  the 
base.  In  a  few  places  there  are  cal¬ 
cite  and  green  clay- filled  veins  and 
vugs.  This  is  the  phase  which  is  ex¬ 
posed  in  the  quarry  southeast  of 
Sandy  Hook  in  Moniteau  County 
(Section  10).  The  third  phase, 
which  consists  mainly  of  argillaceous 
dolomite  and  dolomitic  limestone,  is 
best  developed  in  eastern  Callaway, 
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Montgomery,  Warren,  Lincoln  and 
Pike  Counties.  The  interfingering  of 
this  phase  with  phase  two  is  best 
seen  in  Callaway  and  Pike  Counties. 
Pine  exposures  of  this  phase  are 
found  in  the  NE  SE  SE  Section  34, 
T.  50  N.,  R.  1  E.  in  Lincoln  Comity 
and  in  the  MS  y2  SE  SE  NW  Sec¬ 
tion  30,  T.  52  N.,  R.  2  E.  in  Pike 
County.  This  phase  is  light  to  medi¬ 
um  yellowish-brown,  reddish-brown, 
light  to  medium  grayish-tan  or  tan- 
nish-gray,  bluish-gray,  light  brown 
or  medium  tan ;  dense  to  medium- 
grained,  mostly  dense ;  thin-bedded 
to  thick-bedded  or  massive ;  earthy ; 
in  places  pyritic,  chalcopyritic,  aren¬ 
aceous,  laminated  and  mottled.  This 
phase  tends  to  be  more  crinoidal  than 
the  other  phases  of  the  Sandy  Hook. 
The  fourth  phase  is  largely  a  silty  to 
arenaceous  dolomite.  It  is  best  de¬ 
veloped  in  the  Fessenden  Quarry 
(NW  SE  Sec,  29,  T.  57  N.,  R.  6  W.) 
in  Marion  County  and  in  the  draw 
just  to  the  north  of  the  abandoned 
Ivennisson  Quarry  (NE  SW  NW 
Sec.  31,  T.  45  N.,  R.  10  W.)  in  Cal¬ 
laway  County.  This  phase  is  light 
gray,  light  brown,  but  largely  medi¬ 
um  to  dark  tannish-gray ;  fine¬ 
grained  ;  thick-bedded  to  massive,  for 
the  most  part ;  with  white  chert  and 
sand  lenses  and  in  part  laminated. 

The  first  phase  is  distinguished 
from  the  other  phases  by  its  large 
calcium  carbonate  content  and  its 
limestone  characteristics  in  general. 
The  second  phase  is  distinguished 
from  the  third  phase  by  the  fact  that 
the  second  phase  is  more  clastic, 
tends  to  be  more  laminated,  brecci- 
ated  and  mottled.  The  third  phase, 
on  the  other  hand,  seems  to  be  more 
dolomitized,  in  general,  more  crinoi¬ 
dal,  less  clastic  and  more  fossilifer- 


ous.  Most  of  all  the  third  phase  tends 
to  be  more  argillaceous  and  more  of 
a  reddish-brown  in  color.  The  differ¬ 
ences  here  are  more  than  likely  a 
matter  of  position  from  shoreline,  the 
third  phase  being  a  deeper  water 
phase.  The  fourth  phase  is  distin¬ 
guished  from  the  others  by  its  very 
high  dolomite  content  and  by  its 
darker  color.  This  latter  phase  is 
clastic  like  phase  two. 

The  Sandy  Hook  Facies : 

1.  overlies,  underlies  and  inter¬ 
fingers  with  the  Little  Shav¬ 
er  Creek  Facies. 

2.  overlies,  underlies  and  inter¬ 
fingers  with  the  Little  Splice 
Creek. 

3.  overlies,  underlies  and  inter- 
fingers  with  the  Smithton 
Facies. 

4.  overlies  and  underlies  the 
Clifton  City  Facies  and  in¬ 
terfingers  with  1  ‘  Smithton¬ 
bearing”  Clifton  City. 

5.  overlies,  underlies  and  inter¬ 
fingers  with  the  Lupus  Fa¬ 
cies, 

6.  overlies,  underlies  and  inter- 
fingers  with  the  Mineola  Fa¬ 
cies. 

7.  overlies,  underlies  and  inter- 
fingers  with  the  Calwood  Fa¬ 
cies. 

8.  overlies  the  Lamine  River 
Facies. 

9.  overlies  the  Cotter- Jefferson 
City  Formations  (Lower  Or¬ 
dovician) . 

10.  overlies  the  Saint  Peter 
Formation  (Middle  Ordovi¬ 
cian)  . 

11.  overlies  Joachim  (Middle 
Ordovician) . 

12.  overlies  Plattin  (Middle  Or¬ 
dovician)  . 
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13.  overlies  Maquoketa  (Upper 
Ordovician) . 

14.  overlies  Bowling-  Green 
Member  of  the  Edge  wood 
Formation  (Lowe  r  Silur¬ 
ian). 

15.  underlies  Turpin  (Upper  De¬ 
vonian  ) . 

16.  underlies  Grassy  Creek  For¬ 
mation  (Upper  Devonian) . 

17.  underlies  the  Siphonodella 
Beds  of  the  Bachelor  Forma¬ 
tion  (basal  Mississippian) . 

The  Sandy  Hook  Facies  interfin¬ 
gers  with  most  of  the  physiofacies 
of  the  Cooper  Lithofacies  and  there¬ 
fore  is  stratigraphically  equivalent 
to  the  Cooper,  in  part.  It  also  inter- 
fingers  with  all  of  the  physiofacies 
of  the  Callaway  Lithofacies.  The 
Sandy  Hook  Facies  contains  Middle 
Devonian  fossils.  For  these  reasons 
the  Sandy  Hook  Facies  is  considered 
to  be  Middle  Devonian  in  age.  From 
its  relationships  with  non-Devonian 
formations,  it  cannot  be  older  than 
lower  Silurian  or  younger  than  up¬ 
per  Devonian.  In  Cole  County  along 
the  Missouri  River  bluffs  north  of 
Marion  (NW  NE  SW  NE  SE  Sec¬ 
tion  30,  T.  46  N.,  R.  13  W.,  Cole 
County),  the  Sandy  Hook  lies  with 
distinct  unconformity  on  the  Smith- 
ton  Physiofacies  of  the  Cooper  Litho¬ 
facies. 

The  Mineola  Crinoidal,  Arenace¬ 
ous,  Coarse-grained  Limestone  Fa¬ 
cies. — The  Mineola  Formation  was 
named  by  Branson  (1920)  “from 
outcrops  about  a  half-mile  south  of 
Mineola,  about  80  miles  west  of  St. 
Louis  on  Highway  40.  This  section 
is  now  poorly  exposed.  The  forma¬ 
tion  was  spoken  of  as  Crinoidal  lime¬ 
stone  by  Broadhead  (1873)  from  ex¬ 
posures  in  Warren  and  Montgomery 
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Counties,”  (Branson,  E.  B.,  1944,  p. 
128).  As  previously  mentioned,  the 
Mineola  is  considered  here  to  be  a 
physiofacies  of  the  Callaway  Lime¬ 
stone  Lithofacies.  The  Mineola  Fa¬ 
cies  is  best  developed  in  Callaway 
and  Montgomery  Counties.  The 
thickest  section  measured  and  ob¬ 
served  crops  out  along  Auxvasse 
Creek  at  the  junction  with  a  west- 
flowing  tributary  (NW  SE  SE  Sec¬ 
tion  8,  T.  48  N.,  R.  8  W.,  Callaway 
County),  about  0.5  mile  north  of 
U.S.  Highway  40.  Here  almost 
eighteen  feet  of  Mineola  was  meas¬ 
ured  with  interfingering  Lupus  sand¬ 
stone  not  included  in  the  total.  The 
Mineola  also  crops  out  in  Saline, 
Cooper,  Moniteau,  Boone,  Lincoln, 
Pike  and  Ralls  Counties. 

“The  Mineola  limestone  is  rather 
heterogeneous  in  composition  and  ir¬ 
regular  in  distribution.  One  of  its 
typical  phases  is  highly  crystalline, 
crinoidal  limestone,  almost  white  in 
color,  which  weathers  readily  to  a 
crumbly  condition.  This  phase  might 
easily  be  mistaken  for  ordinary  Bur¬ 
lington  limestone,  though  it  weathers 
much  more  rapidly  than  Burlington. 
It  contains  large  numbers  of  crinoid 
stems  and  in  many  places  numerous 
crinoid  heads  from  which  the  outer 
parts  of  the  plates  have  been  ex¬ 
foliated.”  “Another  phase,  about  as 
common  as  the  crinoidal,  is  made  up 
of  a  yellowish  to  pinkish-gray  lime¬ 
stone,  which  contains  large  numbers 
of  small  irregular  cavities  produced 
by  the  solutjon  of  fossils.  In  most 
places  the  limestone  is  sandy.  ’  ’  These 
are,  in  general,  the  two  phases  which 
are  considered  to  make  up  the  Mine¬ 
ola  Facies  in  this  report.  “A  brown 
limestone  flecked  with  specks  of  white 
occurs  rarely.  It  contains  few  im- 
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purities  and  the  white  specks  are  of 
calcite.  The  rock  is  abundantly  fos- 
siliferous.  This  latter  phase  of  E. 
B.  Branson  is  dolomitized  Mineola 
and  is  here  regarded  as  the  third 
phase  of  the  Sandy  Hook  Facies.  The 
white  specks  referred  to  by  E.  B. 
Branson  are  largely  undolomitized 
crinoid  stem  fragments.  This  phase 
is  not  uncommon  in  Montgomery  and 
Warren  Counties.  “In  some  places 
the  lowest  member  is  a  very  sandy, 
pinkish  to  yellowish  limestone,  that 
grades  into  sandstone,  and  is  abun¬ 
dantly  fossiliferous.  It  ordinarily  oc¬ 
curs  in  shallow  erosion  depressions  in 
the  older  rocks. 7  ’  I  see  no  reason  to 
separate  this  latter  phase  from  Bran¬ 
son's  second  phase.  The  sandstone 
with  which  it  interfingers  or  grades  is 
the  Lupus  facies.  ‘  ‘  The  various  phas¬ 
es  are  never  present  in  one  section 
and  they  seem  to  be  contemporaneous 
deposits,  the  lithologic  differences  be¬ 
ing  due  to  variations  in  sedimenta¬ 
tion”  (Branson,  E.  B.,  1944,  p.  128- 
129).  It  is  not  uncommon  to  find 
more  than  one  of  E.  B.  Branson’s 
first  two  phases  occurring  in  one  sec¬ 
tion.  Along  Auxvasse  Creek  (last 
locality  cited)  E.  B.  Branson’s  first 
two  phases  occur  and  can  be  seen  to 
interfinger  with  one  another.  Along 
U.S.  Highway  40,  about  1.5  miles 
west  and  north  of  Mineola,  along  the 
north  and  south  sides  of  the  highway, 
E.  B.  Branson’s  phases  one,  two  and 
three  can  be  seen  in  one  section. 

As  previously  indicated  the  Mineo¬ 
la  can  be,  in  general,  divided  into 
two  phases  which  interfinger  with 
one  another.  The  first  phase  consists 
of  limestone ;  white,  very  light  to 
medium  gray,  light  to  dark  tannish- 
gray  or  light  to  medium  grayish-tan, 
light  brown,  light  to  medium  brown¬ 


ish-gray,  medium  p  inkish  -  b  r  o  w  n , 
light  pinkish-gray;  light  to  medium 
yellowish-  brown,  reddish  -  brown, 
pink  or  purple-weathering ;  dense  to 
coarse-grained;  thin-bedded  to  mas¬ 
sive  ;  crinoidal ;  clastic ;  in  places 
arenaceous  with  quartz  sand  rounded 
and  somewhat  frosted  like  that  found 
in  the  Saint  Peter  Formation  or 
clear  and  angular  or  doubly  termi¬ 
nated  ;  glauconitic,  slightly  dolomitic, 
laminate,  calcite-veined  and  vugged, 
stylolitic,  cherty  with  chert  similar 
to  that  found  in  the  Jefferson  City 
Formation  or  with  pebbles  of  black 
chert,  and  with  thin  shale  partings, 
cross-laminations  and  limonite-hema- 
tite  grains  and  staining. 

The  second  phase  consists  of  lime¬ 
stone;  very  light  to  dark  gray,  light 
to  dark  tannish-gray  or  light  to  me¬ 
dium  grayish-tan ;  light  tan,  light 
brown,  light  to  medium  brownish- 
gray  weathering ;  dense  to  medium- 
grained  ;  thin  bedded  to  massive  and 
sometimes  irregularly-b  e  d  d  e  d ;  in 
places  arenaceous  with  quartz  sand 
as  in  phase  one,  conglomeratic  or 
brecciated  with  medium  gray  lime¬ 
stone  pebbles  and  sandy  Smithton 
Limestone  pebbles  at  the  base  (NW 
NAY  SAY  Section  15,  T.  46  N.,  R.  8 
AY.,  Callaway  County)  and  angular 
fragments  of  shale,  limestone  and 
chert,  the  latter  like  that  found  in 
the  Jefferson  City  Formation,  for 
the  most  part;  pyritic,  cross-lamin¬ 
ated,  calcite-veined  and  vugged, 
slightly  crinoidal,  speckled,  poorly 
laminated,  stylolitic  and  slightly 
dolomitic. 

The  Mineola  Facies : 

1.  overlies,  underlies  and  is 
stratigraphically  equivalent 
to  (erosional  contact)  the 
Smithton  Facies. 
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2.  overlies,  underlies  and  grades 
into  the  Clifton  City  Facies. 

3.  overlies,  underlies  and  inter- 
fingers  with  the  Little  Splice 
Creek  Facies. 

4.  overlies  and  underlies  the 
Little  Shaver  Creek  Facies. 

5.  overlies,  underlies  and  inter- 
fingers  with  the  Lupus  Fa¬ 
cies. 

6.  overlies,  underlies  and  inter¬ 
fingers  with  the  Sandy  Hook 
Facies. 

7.  overlies,  underlies  and  inter- 
fingers  with  the  Calwood 
Facies. 

8.  overlies  and  interfingers  with 
the  Lamine  River. 

9.  overlies  the  Sliiei  Facies. 

10.  overlies  the  Jefferson  City 
Formation  (Upper  Ordovi¬ 
cian  ) . 

11.  overlies  the  Saint  Peter 
Formation  (Middle  Ordovi¬ 
cian). 

12.  overlies  the  Joachim  Forma¬ 
tion  (Middle  Ordovician). 

13.  overlies  the  Plattin  Forma¬ 
tion  (Middle  Ordovician). 

14.  underlies  the  Siphonodella 
Beds  of  the  Bachelor  Forma¬ 
tion  (basal  Mississippian) . 

The  Mineola  Facies  contains  Mid¬ 
dle  Devonian  fossils  and  therefore, 
is  Middle  Devonian  in  age.  The 
Mineola  interfingers  with  the  other 
facies  of  the  Callaway  Lithofacies. 
It  interfingers  with  the  Lamine  River 
and  Little  Splice  Creek  Facies  of  the 
Cooper  Lithofacies.  There  is  an  eros- 
ional  contact  between  the  Smithton- 
Clifton  City  and  t lie  Mineola  where 
observed  in  the  field.  This  contact  is 
fairly  sharp ;  however,  fragments  of 
Mineola  are  found  in  the  two  facies 
of  the  Cooper  near  the  contact.  Thus 


the  indication,  as  previously  men¬ 
tioned,  is  that  the  Mineola  was 
washed  into  channels  in  the  Smith- 
ton  and  Clifton  City  while  those  two 
facies  were  still  unconsolidated.  Con¬ 
sequently,  the  time  represented  by 
the  erosional  break  is  apparently 
small.  The  youngest  formation  un¬ 
derlying  the  Mineola,  is  the  Plattin 
Formation  of  the  Middle  Ordovician. 
The  oldest  formation  overlying  the 
Mineola  is  the  Siphonodella  Beds 
(basal  Mississippian). 

The  Calwood  Limestone  Physio- 
facies. — The  Calwood  Physiofacies 
was  named  from  the  town  of  Cal¬ 
wood,  Callaway  County.  Fine  ex- 
posures  of  Calwood  occur  along  Aux- 
vasse  Creek  and  its  tributaries  to 
the  north  and  east  of  the  town  of 
Calwood.  One  of  the  best  exposures 
occurs  along  the  east  bank  of  Aux- 
vasse  Creek  from  2  to  2.5  miles  north¬ 
east  of  the  town  of  Calwood  (Sec¬ 
tion  11).  The  Calwood  Facies  is  best 
developed  in  Callaway  and  Mont¬ 
gomery  Counties.  It  also  crops  out 
in  Pettis,  Moniteau,  Boone,  Warren, 
Lincoln,  Pike  and  Marion  Counties. 
The  thickest  section  of  well-devel¬ 
oped  Calwood  measured  and  observ¬ 
ed  was  in  the  SW  NW  SW  SE  Sec¬ 
tion  13,  T.  47  N.,  R.  9  W.,  Callaway 
County,  about  2.75  miles  east  of  the 
western  city  limits  of  Fulton  along 
the  west  bank  of  Crows  Fork  Creek, 
0.25  mile  southwest  of  the  bridge  on 
county  road  U U.  Here  the  Calwood 
with  some  inter  fingering  Sandy 
Hook  Facies  near  the  top  of  the  ex¬ 
posed  section  is  about  thirty-seven 
feet  in  thickness.  To  the  northeast, 
toward  the  aforementioned  county 
road  bridge  along  the  east  bank  of 
the  creek,  much  of  the  lower  Cal¬ 
wood  is  replaced  by  the  sandy  phase 
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of  the  Mineola  Facies.  Sections  of 
Calwood  in  excess  of  thirty  feet  are 
also  to  be  seen  near  Crows  Fork 
Creek  along  the  north  side  of  a  comi¬ 
ty  road  in  the  SW  NW  NW  NE  Sec¬ 
tion  1,  T.  46  N.,  R.  9  W.,  Callaway 
Comity,  about  2.75  miles  northeast 
of  Hams  Prairie.  Here  the  Calwood 
Facies  is  quite  arenaceous.  About 
2.75  to  3  miles  southeast  of  Fulton 
along  Stinson  Creek  (SW  SE  Sec¬ 
tion  27,  T.  47  N.,  R.  9  W.,  Callaway 
County),  the  Calwood  also  exceeds 
thirty  feet  in  thickness  and  interfin¬ 
gers  with  Mineola  toward  its  base. 
About  2.5  miles  north  of  Williams¬ 
burg,  along  the  south  and  southwest 
bank  of  Whetstone  Creek  the  Cal¬ 
wood  exceeds  thirty  feet  in  thickness. 
To  the  southeast  along  the  east  side 
of  the  county  road,  also  about  2.5 
miles  north  of  Williamsburg  (C  NW 
Section  10,  T.  48  N.,  R.  7  W.,  Calla¬ 
way),  the  lower  half  of  the  Calwood 
Facies  is  largely  replaced  by  Sandy 
Hook  Facies.  On  the  Tapp  farm  (C 
N  i/2  SW  NE  Section  13,  T.  46  N., 
R.  7  W.  Callaway  County)  the  Cal¬ 
wood  would  exceed  thirty  feet  if  it 
were  not  largely  dolomitized  forming 
Sandy  Hook  Facies.  About  2.25  to 
2.5  miles  north  and  east  of  the  town 
of  Calwood,  the  Calwood  Facies 
along  the  west  bank  of  Auxvasse 
Creek  in  the  SE  SE  NW  Section  8, 
T.  48  N.,  R.  8  W.,  Callaway  County, 
exceeds  thirty  feet  in  thickness  and 
is  in  part  dolomitized  forming  Sandy 
Hook  Facies.  Other  examples  could 
be  cited,  but  these  give  the  general 
picture  that  the  Calwood  Facies  is 
best  developed  and  thickest  in  the 
eastern  Callaway  County  and  thins 
to  the  east,  Acest  and  south. 

Lithologically  the  Calwood  Facies 
is  a  limestone;  light  to  dark  gray, 


light  to  dark  tannish-gray  or  light 
to  dark  grayish-tan,  light  to  medium 
brownish-gray,  pinkish-tan  or  pink¬ 
ish-gray,  and  dark  bluish-gray ;  sub- 
lithographic,  dense  or  fine  to  coarse¬ 
grained  ;  thin-bedded,  slabby,  medi¬ 
um  to  thick-bedded  or  massive ;  in 
places  gnarly  or  nodular  with  light 
gray  limestone  nodules  or  white,  gray 
or  brown,  elongate  chert  nodules ; 
mottled,  glauconitic  and  with  gran¬ 
ules  and  pebbles  of  rounded  Jeffer¬ 
son  City-like  chert  at  the  base ; 
argillaceous  with  clay  partings; 
arenaceous  with  floating  quartz 
grains,  lenses  or  pockets  of  quartz 
sand;  crinoidal,  clastic,  pyritic,  limo- 
nitic  with  limonite-filled  vugs  and 
pseudomorphs  of  limonite  after  py- 
rite ;  slightly  liematitic  with  hema¬ 
tite  staining ;  calcitic  with  large 
masses,  crystals  and  calcite-filled 
veins  and  vugs ;  stylolitic,  hackly  and 
highly  fractured.  At  some  localities 
the  Mineola  takes  on  the  color  of  the 
Calwood  (Section  10  and  in  the  SW 
SW  SW  SE  Section  4,  T.  47  N.,  R. 
14  W.,  Moniteau  County,  for  exam¬ 
ple).  Actually,  there  are  two  phases 
of  the  Calwood,  a  dark  grayish-tan, 
“purplish”,  argillaceous,  organic 
phase  which  leaves  a  black  “oil” 
sludge  when  acidized  and  a  light 
grayish-tan  calcareous  phase  which 
looks  like  Smithton,  but  is  “grainy”. 

The  Calwood  Facies : 

1.  o\rerlies,  underlies  and  inter- 
fingers  with  the  Smithton 
Facies. 

2.  overlies,  underlies  and  inter¬ 
fingers  with  the  Sandy  Hook 
Facies. 

3.  overlies,  underlies  and  inter¬ 
fingers  with  the  Mineola  Fa¬ 
cies. 
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4.  overlies,  underlies  and  inter¬ 
fingers  with  the  Lupus  Fa¬ 
cies. 

5.  overlies  and  underlies  the 
Famine  River  Facies. 

6.  overlies,  underlies  and  inter¬ 
fingers  with  the  Clifton  City 
Facies. 

7.  underlies  the  Little  Shaver 
Creek  Facies. 

8.  interfingers  with  the  Little 
Splice  Creek  Facies. 

9.  overlies  the  Jefferson  City 
Formation  (Lower  Ordo¬ 
vician)  . 

10.  overlies  the  Joachim  Forma¬ 
tion  (Middle  Ordovician). 

11.  overlies  the  Plattin  Forma¬ 
tion  (Middle  Ordovician). 

12.  underlies  the  Snyder  Creek 
Formation  (Upper  Devoni¬ 
an)  . 
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13.  underlies  the  Siplionodella 
Beds  of  the  Bachelor  Forma¬ 
tion  (basal  Mississippian) . 

14.  underlies  Pennsylvanian 
sandstone. 

The  Calwood  Facies  contains  Mid¬ 
dle  Devonian  fossils  and  therefore, 
must  be  considered  Middle  Devonian 
in  age.  The  oldest  beds  overlying 
this  facies  is  Snyder  Creek  Forma¬ 
tion  of  the  Upper  Devonian  and  the 
youngest  formation  underlying  the 
Calwood  is  the  Plattin  of  the  lower 
Middle  Ordovician.  The  Calwood 
Facies  as  noted  above  interfingers 
with  all  of  the  other  facies  of  the 
Callaway  Lithofacies  and  with  sev¬ 
eral  of  the  facies  of  the  Cooper  Litho¬ 
facies. 

The  general  physiofacies  relation¬ 
ships  of  the  Cedar  City  Formation 
are  illustrated  in  Figure  12. 


GENERAL  RELATIONSHIPS  OF  THE  PHYSIOFACIES  AND  LITHOFACIES  OF  THE  CEDAR 

CITY  FORMATION 

Figuke  12. — General  relationships  of  the  physiofacies  and  lithofacies  of  the 
Cedar  City  Formation  (drafted  by  Mississippi  Valley  Investigations,  Southern 
Illinois  University). 
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Tlie  Cedar  City  Formation  can  al- 

9/ 

so  be  subdivided  into  the  T  urbonop- 
sis,  Hexagonaria  profunda,  Hexa- 
gonaria  lativentra ,  Atrypa  bellula , 
Atrypa  misso uriensis,  S tropheodon- 
ta ,  Tabulophyllum  and  Stacy  bodes 
Biofacies. 
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A  KEY  TO  THE  NORTH  AMERICAN  SPECIES  OF 
LEPISOSTEUS  (CLASS  PISCES)  BASED 
ON  THE  CLEITHRUM 
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Abstract.  —  The  five  North  American 
species  of  gar  fish,  Lepisosteus,  can  be 
identified  by  using  diagnostic  charac¬ 
teristics  located  on  the  cleithrum. 

Diagnostic  morphological  charac¬ 
teristics  on  the  cleithrum  can  be  used 
to  identify  the  five  species  of  gar 
fish,  Lepisosteus,  found  in  North 
America.  Macerated  skeletons  of  the 
five  species  of  the  genus  Lepisosteus 
were  used  in  this  study.  The  speci¬ 
mens  available  included  14  skeletons 
of  L.  platostomus  Rafinesque  (Short- 
nose  gar),  18.4  to  29.0  inches  (total 
length)  ;  7  skeletons  of  L.  osseus 
(Linnaeus)  (Longnose  gar),  9.6  to 
31.8  inches  (total  length)  ;  4  skele¬ 
tons  of  L.  productus  (Cope)  (Spot¬ 
ted  gar),  16.5  to  20.0  inches  (total 
length)  ;  3  skeletons  of  L.  platyrhin- 
ciiiS  De  Kay  (Florida  Spotted  gar), 
16.0  to  29.0  inches  (total  length)  ; 
and  3  skeletons  of  L.  spatula  (Lace- 
pede)  (Alligator  gar)  with  total 
lengths  of  40.0  inches,  65.0  inches, 
and  74.0  inches. 

Description  of  the  Cleithrum 

The  cleithrum,  (Fig.  1),  located 
along  the  posterior  border  of  the  gill 
opening,  is  partially  covered  dorsally 
by  the  supracleithrum  and  posterior¬ 
ly  and  ventrally  by  bony  plates  and 


ganoid  scales.  Part  of  the  cleithrum 
is  visible  externally. 

Several  measurements  and  ratios 
were  used  to  show  differences  be¬ 
tween  the  bones  of  the  various  spe¬ 
cies.  The  lateral  projection  is  located 
on  the  lateral  surface  of  the  cleith¬ 
rum  near  the  anterior  edge  of  the 
bone.  The  posterior  end  of  the  cleith¬ 
rum  is  termed  the  dorsal  projection. 
The  medial  wing  is  the  flat  extended 
portion  of  the  bone  found  on  the 
medial  side  of  the  cleithrum  when 
it  is  in  its  natural  position.  The  an¬ 
terior  edge  of  the  cleithrum  is  the 
entire  border  of  the  bone  from  the 
dorsal-most  point  to  the  anterior- 
most  point  of  the  bone  along  the  edge 
of  the  bone  facing  the  anterior  end 
of  the  fish  when  the  cleithrum  is  in 
its  natural  position.  The  posterior 
edge  of  the  bone  is  regarded  as  the 
entire  posterior  and  ventral  border 
from  the  dorsal-most  point  to  the  an¬ 
terior-most  point  of  the  bone. 

The  anterior  edge  of  medial  wing 
is  the  ventral-most  border  of  the 
bone,  and  the  distance  across  this 
edge  is  termed  the  width  of  anterior 
edge  of  medial  wing.  The  length  of 
the  cleithrum  is  the  distance  from 
the  tip  of  the  dorsal  projection  to 
the  anterior-most  point  of  the  bone 
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Figure  1.  —  Generalized  left  cleithrum  oriented  in  the  natural  position.  A.  Lat¬ 
eral  view.  B.  Medial  view. 


measured  along  the  anterior  edge  of 
the  bone.  The  measurement  A  is  the 
distance  from  the  center  of  the  lat¬ 
eral  projection  to  the  anterior-most 
point  of  the  bone.  The  measurement 
B  is  made  on  the  medial  wing  of  the 
cleithrum  and  is  the  perpendicular 
distance  from  the  medial-most  point 
of  the  medial  wing  to  the  anterior 
edge  of  the  bone. 

Lepisosteus  spatula  (Lacepede) 

This  is  the  only  species  of  Lepisos¬ 
teus  in  which  the  posterior  edge  of  the 
bone,  if  extended  to  the  anterior  edge 
of  medial  wing,  does  not  meet  or  almost 
meet  the  anterior-most  point  of  the  bone 
(Fig.  2E).  The  lateral  projection  is 
pronounced  and  rounded.  The  anterior 
edge  of  medial  wing  is  straight  or  near¬ 
ly  straight.  The  dorsal  projection  is 
curved  posteriorly.  The  lateral  surface 
of  the  bone  is  flat  or  has  a  shallow  de¬ 
pression  dorsally  from  the  lateral  pro¬ 
jection.  Width  of  anterior  edge  of  medial 
wing/cleithrum  length  0.33  -  0.45;  B/clei- 
thrum  length  0.24  -  0.30;  A/cleithrum 
length  0.45-0.51;  B/A  0.52  -  0.60;  B/ 
width  of  anterior  edge  of  medial  wing 


0.67  -  0.72;  and  width  of  anterior  edge 
of  medial  wing/A  0.74  -  0.89. 

Lepisosteus  osseus  (Linnaeus) 

The  posterior  edge  of  the  bone  meets, 
or  almost  meets,  the  anterior-most  point 
of  the  bone  if  the  posterior  edge  is  ex¬ 
tended  to  the  anterior  edge  of  medial 
wing  (Fig.  2C).  The  lateral  projection 
is  either  slightly  pointed  or  completely 
lacking.  The  anterior  edge  of  medial 
wing  varies  from  nearly  straight  to  a 
rather  deep  concave  curve  along  its 
length.  The  dorsal  projection  is  poster¬ 
iorly  curved.  The  lateral  surface  of  the 
bone  has  a  slight  depression  or  is  flat 
dorsally  from  the  lateral  projection. 
Width  of  anterior  edge  of  medial  wing/ 
cleithrum  length  0.55  -  0.63;  B/cleith- 
rum  length  0.35  -  0.42;  A/cleithrum 
length  0.55  -  0.65;  B/A  0.50-0.71;  B/ 
width  of  anterior  edge  of  medial  wing 
0.50-0.71;  and  width  of  anterior  edge 
of  medial  wing/A  0.92  -  1.07. 

Lepisosteus  platostomus  Rafinesque 

The  posterior  edge  of  the  bone  meets, 
or  almost  meets,  the  anterior  most  point 
of  the  bone  if  the  posterior  edge  is  ex¬ 
tended  to  the  anterior  edge  of  medial 
wing  (Fig.  2B).  The  lateral  projection 
is  a  sharp  ridge.  The  anterior  edge  of 
medial  wing  varies  from  a  gradual  con- 
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cave  curve  to  a  deep  concave  groove 
along  its  length.  The  dorsal  projection 
is  posteriorly  curved.  The  lateral  sur¬ 
face  of  the  bone  usually  has  a  slight 
depression  dorsally  from  the  lateral  pro¬ 
jection.  Width  of  anterior  edge  of  medial 
wing/cleithrum  length  0.40  -  0.57 ;  B/ 
cleithrum  length  0.25  -0.42;  A/cleitli- 
rum  length  0.50  -  0.59;  B/A  0.45-0.71; 
B/width  of  anterior  edge  of  medial  wing 
0.57  -  0.77;  and  width  of  anterior  edge 
of  medial  wing  0.74  -  0.98. 

Lepisosteus  productus  (Cope) 

The  posterior  edge  of  the  bone  meets, 
or  almost  meets,  the  anterior-most  point 
of  the  bone  if  the  posterior  edge  is  ex¬ 
tended  to  the  anterior  edge  of  medial 
wing  (Fig.  2A).  The  lateral  projection  is 
usually  a  definite  point,  but  sometimes  it 
appears  to  be  more  of  a  sharp  ridge  than 
a  pointed  projection.  The  anterior  edge 
of  medial  wing  has  a  shallow  concave 
curve  along  its  length.  The  dorsal  pro¬ 
jection  is  posteriorly  curved.  The  lateral 
surface  of  the  bone  has  a  very  definite 
depression  dorsally  from  the  lateral  pro¬ 
jection.  Width  of  anterior  edge  of  medial 


wing/cleithrum  length  0.42  -0.49;  B/ 
cleithrum  length  0.30-0.41;  A/cleithrum 
length  0.50  -  0.58;  B/A  0.53  -  0.79;  B/ 
width  of  anterior  edge  of  medial  wing 
0.69  -  0.85;  and  width  of  anterior  edge 
of  medial  wing/A  0.77  -  0.95. 

Lepisosteus  platyrhincus  De  Kay 

The  posterior  edge  of  the  bone  meets, 
or  almost  meets,  the  anterior-most  point 
of  the  bone  if  the  posterior  edge  is  ex¬ 
tended  to  the  anterior  edge  of  medial 
wing  (Fig.  2D).  The  lateral  projection 
is  usually  a  sharp  point.  The  anterior 
edge  of  medial  wing  varies  from  nearly 
straight  to  a  shallow  concave  curve.  The 
dorsal  projection  is  straight  or  has  only 
a  slight  curve  along  its  length.  The  lat¬ 
eral  surface  of  the  bone  has  a  definite 
depression  dorsally  from  the  lateral  pro¬ 
jection.  Width  of  anterior  edge  of  me¬ 
dial  wing/cleithrum  length  0.48  -  0.54; 
B/cleitlirum  length  0.35  -  0.42;  A/cleith¬ 
rum  length  0.52  -  0.62;  B/A  0.57  -  0.80; 
B/width  of  anterior  edge  of  medial  wing 
0.65  -  0.82;  and  width  of  anterior  edge 
of  medial  wing/A  0.81  - 1.01. 


Figure  2.  —  Lateral  views  of  the  left  cleithrum  of  (A)  Lepisosteus  productus, 
3X;  (B)  Lepisosteus  j)latostomus,  2X;  (C)  Lepisosteus  osseus,  3X;  (D)  Lepisosteus 
platyrhincus,  2X;  and  (E)  Lepisosteus  spatula,  2X. 
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Key  to  the  Five  Species 
op  Lepisosteus  Based 

ON  THE  CLEITHRUM 

IA.  Posterior  edge  of  the  bone  does  not 
meet,  or  almost  meet,  the  anterior- 
niost  point  of  the  bone  when  the 
posterior  edge  is  extended  to  the 
anterior  edge  of  medial  wing;  A/ 
cleithrnm  length  0.45  -  0.51. 

- L.  spatula 

IB.  Posterior  edge  of  the  bone  meets,  or 
almost  meets,  the  anterior -m  os  t 
point  of  the  bone  when  the  posterior 
edge  is  extended  to  the  anterior  edge 
of  medial  wing;  A/cleithrum  length 
0.50  -  0.65. 

- 2. 

2A.  Dorsal  projection  straight  or  nearly 
so. 

- L.  platyrhincus 

2B.  Dorsal  projection  curved  posteriorly. 

- 3. 

3A.  Lateral  projection  is  a  sharp  ridge 
or  sometimes  a  rounded  ridge. 

- 4. 

3B.  Lateral  projection  is  a  point  rather 
than  a  ridge,  or  is  completely  lack¬ 
ing. 

- -  5. 

4A.  Lateral  surface  of  bone  usually  with 
only  a  slight  depression  dorsally 

from  the  lateral  projection;  B/widtli 


of  anterior  edge  of  medial  wing  0.57 
-0.77;  B/A  0.45-0.71. 

- L.  plastostomus 

4B.  Lateral  projection  most  always  a 
definite  point;  if  not  the  lateral  sur¬ 
face  of  the  bone  has  a  very  definite 
depression  dorsally  from  the  lateral 
projection;  B/widtli  of  anterior  edge 
of  medial  wing  0.69  -  0.85;  B/A  0.53  - 
0.79. 

- L.  productus 

5 A.  Lateral  projection  is  a  slightly 
pointed  projection  or  completely 
lacking;  lateral  surface  with  a 
slight  depression  or  flat  dorsally 
from  the  lateral  projection;  width 
of  anterior  edge  of  medial  wing/ 
cleithrum  length  0.56  -  0.63. 

- L.  osseus 

5B.  Lateral  projection  is  a  definite 
point;  lateral  surface  with  a  very 
definite  depression  dorsally  from  the 
lateral  projection;  width  of  anter¬ 
ior  edge  of  medial  wing/cleithrum 
length  0.42  -  0.48. 

- L.  productus 
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THE  HARVEST  MOUSE  ( REITHRODONTOMYS 
MEGALOTIS)  IN  CENTRAL  ILLINOIS 
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Abstract.  —  The  western  harvest 
mouse  ( Reithrodontomys  megalotis)  now 
occurs  in  at  least  the  north-western  part 
of  Illinois.  Individuals  have  been  taken 
in  a  variety  of  grassy  habitats  that  usual¬ 
ly  contain  scattered  forbs,  but  thriving 
populations  have  been  associated  with 
stands  of  foxtail  grasses  ( Setaria  spp.). 
The  species  may  occur  more  widely  and 
in  more  open  vegetation  on  drier  soils, 
such  as  is  found  in  Mason  County.  The 
animal  usually  is  found  in  association 
with  Peromyscus  maniculatus  and,  in  the 
foxtail  habitats,  high  densities  of  feral 
Mus  musculus.  There  appears  to  be  no 
competition  between  harvest  mice  and 
the  latter  species.  Harvest  mice  probably 
have  extended  their  range  into  the  state 
during  the  past  century  in  response  to 
clearing  of  woodlands. 

The  western  harvest  mouse  ( Reith¬ 
rodontomys  megalotis )  was  first  re¬ 
recorded  in  Illinois  in  1953  when  two 
were  trapped  in  Carroll  County 
(Hoffmeister  and  Warnock,  1955). 
Recent  records  from  Whiteside, 
Stark,  Tazewell,  and  Morgan  Coun¬ 
ties  (Klimstra,  1957 ;  Stains  and 
Stuckey,  1960;  and  Stains  and  Tur¬ 
ner,  1962)  and  my  records  from 
Hancock,  Mason,  and  McLean  Coun¬ 
ties  indicate  this  species  now  occurs 
in  the  north-western  part  of  Illinois. 

This  paper  describes  habitats  util¬ 
ized  by  the  animal,  population  den¬ 
sity,  and  records  some  relationships 
between  this  and  associated  species 
in  central  Illinois.  These  data  may 
offer  clues  as  to  how  the  animal  has 


become  a  part  of  the  state’s  small 
mammal  fauna. 

Methods 

Foliage  cover  and  composition  of  the 
vegetation  in  habitats  occupied  by  Reith¬ 
rodontomys  megalotis  were  measured  by 
the  line  interception  method  (Canfield, 
1941).  Density  of  overhead  vegetation 
was  determined  by  measuring  light  in¬ 
tensity  at  ground  level  with  a  Gossen 
Tri-Lux  C  Footcandle  Meter.  Readings 
were  made  at  mid-day  in  early  October 
when  the  sky  was  clear  and  results  were 
expressed  as  per  cent  of  overhead  sun¬ 
light.  Soil  particle  size  was  determined 
by  the  Bougoucos  flotation  method. 

Population  density  of  small  mammals 
in  an  idle  field  on  the  Illinois  State  Uni¬ 
versity  Campus  was  measured  by  the 
Lincoln-Peterson  Index.  Forty-eight  live 
traps  were  set  at  stations  50  feet  apart, 
and  the  field  was  trapped  for  3  days.  All 
animals  were  toe-marked  and  released 
and  the  number  of  individuals  taken  rep¬ 
resented  the  initial  sample.  One  week 
later  the  procedure  was  repeated  and  the 
ratio  was  set  up  to  obtain  a  measure  of 
population  density  of  each  species.  On 
a  railroad  right-of-way  2  miles  north  of 
Normal,  20  to  40  live  traps  were  spaced 
10  meters  apart  through  the  center  of 
the  strip.  The  lines  were  trapped  for  a 
1  or  2-day  period  at  weekly  to  monthly 
intervals,  depending  upon  season  and 
weather.  Density  was  calculated  by  the 
equation  of  the  straight  line  (Hayne, 
1949). 

Measures  of  interaction  between  Reith¬ 
rodontomys  megalotis  and  Mus  musculus 
were  obtained  by  placing  one  species  in 
a  cage  13  cm  wide  and  43  cm  long  with 
sufficient  bedding  for  one  nest.  After  1 
day  an  individual  of  the  other  species 
was  added  to  the  cage.  Dominance  was 
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determined  1  day  later  by  noting  occu¬ 
pancy  of  the  nest.  Preference  of  one  spe¬ 
cies  for  its  own  or  a  member  of  the  other 
species  was  measured  in  a  box  20  cm 
wide  and  120  cm  long  and  containing 
four  compartments  of  equal  size.  The 
compartments  were  separated  by  a  hard¬ 
ware  cloth  partition  and  the  two  cen¬ 
ter  ones  connected  by  a  small  opening. 
An  individual  of  each  species  was  placed 
in  the  end  compartments  and  nesting 
material  was  fastened  to  the  partition. 
After  1  day  an  individual  of  either  spe¬ 
cies  was  added  to  the  center  compart¬ 
ments  which  contained  no  bedding.  This 
animal  was  then  forced  to  pull  bedding 
through  a  partition  from  either  end  com¬ 
partment  and  nest  adjacent  to  a  member 
of  its  own  or  the  other  species.  Prefer¬ 
ence  was  marked  by  location  of  the  in¬ 
dividual  in  the  center  compartments. 

Habitat  Analyses 

Initial  efforts  were  made  to  deter¬ 
mine  what  habitats  were  utilized  by 
harvest  mice.  Habitat  analyses  were 
made  at  four  of  the  twelve  localities 
from  which  the  species  was  recorded. 
Two  of  these,  in  McLean  County, 
supported  thriving  populations.  The 
other  two,  in  Mason  County,  yielded 
one  or  two  specimens  on  each  of  two 
occasions.  The  latter  were  analyzed 
because  one,  at  San  Jose,  possessed 
vegetation  typical  of  areas  where 
previous  records  of  harvest  mice 
were  made,  and  the  other,  Mason 
State  Forest,  possessed  sparse  vege¬ 
tation  with  which  Reithrodontomys 
megalotis  usually  is  not  associated. 

The  largest  populations  of  harvest 
mice  were  found  near  Normal,  Mc¬ 
Lean  County.  One  area  chosen  for 
study  was  an  idle  field  on  the  edge 
of  the  Illinois  State  University  Cam¬ 
pus,  the  other  a  railroad  right-of-way 
2  miles  north  of  Normal.  In  the  fall 
of  1963,  the  first  year  that  each  area 
had  lain  idle,  the  vegetation  in  both 
areas  consisted  of  nearly  pure  stands 
of  foxtail  grasses  ( Setaria  lutescens 


and  S.  viridis),  with  scattered  Com¬ 
mon  Ragweed  ( Ambrosia  artemisii- 
folia),  Erigeron  canadensis,  and  As¬ 
ter  spp.  Average  height  of  the  vege¬ 
tation  was  18  (S.D.  3.6)  inches,  and 
light  reaching  the  surface  of  the 
ground  averaged  8.2  per  cent  of  the 
overhead  light.  No  ground  litter  was 
present,  and  the  harvest  mice  were 
living  in  burrows.  By  mid-winter 
51.5  per  cent  of  the  vegetation  had 
lodged,  forming  a  dense  mat  on  the 
ground.  The  soil  was  clay  loam  (silt 
44  per  cent,  clay  56  per  cent). 

The  vegetation  changed  the  second 
year  after  cultivation.  Major  species 
were  Aster  spp.,  43.4  per  cent  foliage 
cover ;  foxtail  grasses,  10.9  per  cent ; 
Common  Ragweed,  6.2  per  cent ;  and 
miscellaneous  other  forbs.  Total  fol¬ 
iage  cover  was  64.2  per  cent.  Light 
intensity  at  ground  level  averaged 
30  per  cent  of  full  sunlight. 

Three  harvest  mice  were  taken  on 
two  occasions  along  a  railroad  right- 
of-way  2.5  miles  west  of  San  Jose, 
Mason  County.  The  vegetation  was 
dense,  composed  of  Purpletop  ( Trio - 
dia  flava),  foliage  cover  40  per  cent; 
Bluegrass  ( Poa  spp.),  38  per  cent; 
and  lesser  amounts  of  Big  Bluestem 
( Andropogon  furcatus)  and  various 
other  grasses  and  forbs.  The  vege¬ 
tation  averaged  22  (S.D.  7.8)  inches 
in  height  and  produced  a  dense  can¬ 
opy.  Total  foliage  cover  was  95  per 
cent.  Light  intensity  at  ground  level 
averaged  8.2  per  cent  of  full  sun¬ 
light.  The  soil  was  sandy  clay  loam 
(65  per  cent  sand,  10  per  cent  silt, 
and  25  per  cent  clay).  The  vegeta¬ 
tion  at  this  site  closely  approximated 
that  recorded  from  other  sites  where 
harvest  mice  have  been  found. 

Two  harvest  mice  were  taken  in 
Mason  State  Forest,  2  miles  west  of 
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the  check  station.  The  vegetation 
consisted  of  scattered  bunch  grasses, 
Eragrostis  trichoides,  foliage  cover 
30.7  per  cent ;  Panicum  scribnerian- 
um,  5.1  per  cent;  Aristida  tuber¬ 
culosa,  7.7  per  cent ;  and  lesser 
amounts  of  miscellaneous  forbs  and 
tree  saplings.  Total  foliage  cover  was 
51.2  per  cent,  and  average  height  of 
vegetation  was  17.4  (S.D.  7.3)  inches. 
The  soil  was  loamy  sand  (sand  87 
per  cent,  silt  2  per  cent,  and  clay  11 
per  cent).  This  vegetation  was  the 
most  sparse  of  any  in  which  harvest 
mice  were  recorded,  and  the  soil  was 
also  the  sandiest. 

Population  Density 

Populations  of  harvest  mice  have 
been  low  in  localities  where  the  spe¬ 
cies  has  been  taken.  Trapping  suc¬ 
cess  b}^  four  authors  mentioned  pre¬ 
viously  averaged  1.4  per  cent,  and  ef¬ 
forts  to  capture  additional  specimens 
were  as  ually  fruitless  In  this  study 
the  catch  at  Mason  State  Forest  was 
1.3  per  cent  from  155  trap-nights, 
and  at  San  Jose  was  2.1  per  cent 
from  96  trap -nights. 

Population  density  of  Reithrodon- 
tomys  megalotis  was  measured  at  two 
localities  in  McLean  County.  In  the 
fall  of  1963  the  population  of  this 
species  in  a  10-acre  idle  field  on  the 
edge  of  the  Illinois  State  University 
Campus  was  17  animals  per  acre,  as 
calculated  by  the  Lincoln-Peterson 
Index.  A  strip  of  railroad  right-of- 
way  2  miles  north  of  Normal  was 
trapped  regularly  for  3  years  (1963- 
1966)  after  the  area  was  retired  from 
cultviation.  This  population  fluctu¬ 
ated  from  4  to  12  animals  per  acre 
of  habitat,  depending  upon  the  sea¬ 
son.  The  population  density  may 
have  been  higher  each  autumn,  but 


feral  house  mice  were  extremely 
abundant  at  that  time,  and  few  other 
small  mammals  were  taken. 

Associated  Species 

Harvest  mice  were  found  in  the 
same  area  with  a  variety  of  other 
small  mammals,  but  Mus  musculus 
and  Peromyscus  maniculatus  were 
the  species  most  commonly  associated 
with  them.  A  total  of  359  small 
mammals  were  taken  on  the  same 
trap  line  from  which  harvest  mice 
were  taken  during  1964  and  1965  2 
miles  north  of  Normal.  The  total 
catch  during  this  period  was :  Mus 
musculus  39.9  per  cent,  Peromyscus 
maniculatus  20.8  per  cent,  Reithro- 
dontomys  megalotis  18.1  per  cent, 
Blarina  brevicauda  11.4  per  cent, 
Microtus  pennsylvanicus  4.1  per 
cent,  M.  ochrogaster  3.0  per  cent,  and 
Peromyscus  leucopus  2.7  per  cent. 
From  November  1963  until  May 
1964,  229  small  mammals  were  taken 
in  the  idle  field  on  the  Illinois  State 
University  Campus.  This  catch  was 
composed  of:  Mus  musculus  62.4  per 
cent,  Reithrodontomys  megalotis  13.9 
per  cent,  Peromyscus  maniculatus 
8.3  per  cent,  P.  leucopus  7.1  per  cent, 
Microtus  pennsylvanicus  5.3  per 
cent,  M.  ochrogaster  1.5  per  cent, 
and  Blarina  brevicauda  1.5  per  cent. 
Two  other  species  were  secured  in 
other  areas  containing  harvest  mice. 
One  Synaptomys  coo  peri  was  taken 
at  San  Jose  in  Mason  County,  and 
one  Cryptotis  parva  was  taken  from 
an  idle  field  on  the  west  edge  of 
Bloomington,  McLean  County.  Verts 
(1960)  reported  that  Reithrodon¬ 
tomys  megalotis  was  associated  most 
with  Peromyscus  maniculatus  and 
Microtus  pennslyvanicus. 
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Interspecific  Relationships 

In  order  to  determine  possible  re¬ 
lationships  between  harvest  mice  and 
other  species,  preference  and  domi¬ 
nance  tests  were  run  during  the  win¬ 
ter  of  1964  and  1965.  Tests  were 
run  between  Beithrodontomys  mega- 
lotis  and  Mas  mus cuius  because  these 
two  are  of  similar  size  and  occur  to¬ 
gether  abundantly.  Twelve  individ¬ 
uals  of  each  species  of  similar  size 
and  the  same  sex  were  tested.  When 
results  are  tested  by  the  Binomial 
test,  Siegal,  1956  (Table  1),  harvest 
mice  appear  to  prefer  their  own  spe¬ 
cies  (p  =  1.00),  but  house  mice  show 
little  preference  for  each  other  (p  = 
.227).  The  two  species  also  were 
tested  to  measure  dominance  toward 
each  other.  These  tests  indicate  lit¬ 
tle  aggression  between  the  two  spe¬ 
cies  (dominance  by  Mus  musculus 
p  =  .145,  by  Beithrodontomys  mega- 
lotis  p  =  .000).  Catlett  and  Shell- 
hammer  (1962)  reported  the  same 
and  suggested  that  the  two  species 
may  form  a  cospecies  social  hierar¬ 
chy. 

Discussion 

Alteration  of  habitats,  particular¬ 
ly  the  clearing  of  woodlands  during 
the  past  century,  has  favored  an  east¬ 
ward  range  extension  of  several 
mammals.  Such  has  been  recorded 
for  Citellus  tridecemlineatus ,  C. 
franklini,  and  Lepus  townsendii  (De 
Vos,  1964).  The  range  of  the  west¬ 
ern  harvest  mouse  has  extended  both 
eastward  and  westward  (Jones  and 
Mursaloglu,  1961).  The  Mississippi 
River  may  have  impeded  eastward 
movements  of  the  latter  for  some 
time,  but  once  the  river  was  crossed, 
possibly  in  its  upper  reaches  where 
it  is  frozen  for  a  long  period  each 


year,  the  species  had  access  to  grass¬ 
lands  similar  to  that  on  the  west  side 
of  the  river.  The  clearing  of  wood¬ 
land,  especially  in  the  river  valleys, 
would  have  favored  range  extension. 
Leopold  (1947)  reported  that  Lepus 
townsendii  did  not  spread  through 
Wisconsin  until  1900  when  intensive 
dairying  began  to  shrink  the  wood 
lots  in  the  southern  part  of  the  state. 

The  route  of  range  extension  of 
harvest  mice  in  Illinois  is  unclear. 
Earliest  records  are  from  northwest¬ 
ern  Illinois  in  1953,  near  where  the 
species  was  first  recorded  in  Wiscon¬ 
sin  (Hansen,  1944),  and  later  rec¬ 
ords  are  progressively  toward  the 
central  part  of  the  state.  These  dates 
span  a  period  of  only  ten  years,  and 
the  species  could  not  have  moved 
that  rapidly. 

The  local  occurrence  of  harvest 
mice  in  Illinois  today  may  reflect  the 
way  the  species  is  extending  its 
range.  The  species  has  been  found 
in  a  variety  of  grassy  and  weedy 
habitats,  including  lightly  grazed 
pasture,  dense  grasses  along  rail¬ 
roads,  and  dry  marshes.  The  catch 
in  these  instances  averaged  1.4  per 
cent  of  the  total  trap-nights,  and  ad¬ 
ditional  specimens  were  not  found, 
even  after  repeated  efforts.  This  in- 

Table  1.  Interaction  Between  Reith- 
7'odontomys  megalotis  and  Mus  musculus. 

Dominance  R.  megalotis  M.  musculus 


No.  Trials . 

8 

6 

Retained  Nest. . 

0 

3 

Was  Displaced . . 

2 

0 

Shared  Nest. .  . . 

6 

3 

Probability  .... 

.145 

.000 

Preference 

No.  Trials . 

12 

7 

Retained  Nest. . 

12 

2 

Was  Displaced.  . 

0 

0 

Shared  Nest. . . . 

0 

5 

Probability  .... 

1.00 

.227 
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dicates  a  low  population  density.  To 
date,  well  established  colonies  have 
been  found  only  in  habitats  contain¬ 
ing  fairly  dense  stands  of  foxtail 
grasses.  These  places  are  found  in 
central  Illinois  on  disturbed  soils, 
usually  idle  land  immediately  after 
cultivation.  Such  areas  usually  are 
small  and  exist  only  a  short  time  be¬ 
fore  the  land  is  again  cultivated  or 
put  to  some  other  use.  In  the  vi¬ 
cinity  of  Normal,  only  one  of  six 
habitats  containing  high  populations 
of  harvest  mice  in  1964  is  still  ex¬ 
tant.  Hence,  seemingly  ideal  habi¬ 
tats  for  the  species  are  local  and 
transitory.  In  this  case  range  exten¬ 
sion  and  colonization  may  occur  in 
a  saltatorial  fashion,  with  pockets 
of  abundance  developing  wherever 
suitable  habitats  are  encountered  by 
dispersing  animals.  Smith  (1957) 
deemed  saltatorial  colonization  as  un¬ 
likely,  and  treated  disruptive  dis¬ 
tribution  as  evidence  for  the  exist¬ 
ence  of  relic  populations.  Leopold 
(1947)  ;  however,  reported  a  skeleton 
of  Lepus  townsendii  75  miles  west 
of  the  nearest  known  established  pop¬ 
ulation  of  this  species  in  Wisconsin, 
and  the  presence  of  “ outlying”  in¬ 
dividuals  are  reported  commonly  in 
species  that  are  in  the  process  of  ex¬ 
panding  their  range.  At  present  har¬ 
vest  mice  may  occur  abundantly  only 
in  habitats  such  as  foxtail  grass 
where  food  is  plentiful.  Here,  they 
are  often  associated  with  dense  popu¬ 
lations  of  feral  house  mice,  but  ap¬ 
parently  little  competition  exists  be¬ 
tween  these  species.  Such  may  be  the 
present  status  of  the  harvest  mouse 
in  Illinois. 
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Abstract, — The  existence  of  a  Mac- 
laurin  series  expansion  for  certain  com¬ 
binations  of  Jacobian  elliptic  functions 
is  shown.  The  expansion  is  performed 
for  those  combinations  occurring  in  the 
generalization  of  the  Frost-Musulin  po¬ 
tential  function.  The  computer  tech¬ 
niques  used  in  the  process  are  given. 

Musulin  (1963)  has  proposed  a 
generalization  of  the  Frost-Musulin 
potential  function  (1954)  by  the  nse 
of  Jacobian  elliptic  functions  (Milne- 
Thomson,  1950).  The  primary  pur¬ 
pose  of  this  paper  is  to  investigate 
the  nature  of  the  potential  functions 
containing  Jacobian  elliptic  func¬ 
tions  in  the  region  of  small  inter- 
nuclear  distance.  A  secondary  pur¬ 
pose  is  to  present  a  computer 
program  which  will  permit  one  to 
obtain  a  Maclanrin  series  expansion 
(Sherwood  and  Taylor,  1946)  for 
any  of  the  generalized  functions  used 
by  Musulin.  The  technique  used  in 
the  program  is  generally  applicable 
to  obtaining  a  Taylor  series  expan¬ 
sion  (Sherwood  and  Taylor,  1946) 
of  any  Jacobian  elliptic  function  and 
of  products  of  these  functions. 

The  Method 

The  Frost-Musulin  potential  function 
(1954)  is 

-aR  1 

V  -  e  ( - b) 

R 

where  V,  the  semi-empirical  energy  of 
a  diatomic  molecule,  corresponds  to  that 


energy  which  would  be  found  in  solving 
the  electronic  equation  resulting  from 
the  application  of  the  Born-Oppenheimer 
approximation  (Slater,  1963),  R  is  the 
internuclear  distance,  and  a  and  b  are 
parameters  to  be  determined.  It  should 
be  noted  that  V  serves  as  the  potential 
function  in  the  nuclear  equation  result¬ 
ing  from  the  application  of  the  Born- 
Oppenheimer  approximation. 

The  four  generalizations  of  Equation 
(1)  are  (Musulin,  1963) 

1 

V  =  [nc(aR|m)  -  sc(aR[m)]  [ - b] 

R 

(2a) 

1 

V  =  [nd(aR|m)  -  sd(aR|m)]  [ - b] 

R 

(2b) 

1 

V  =  [nc  (aR|m)  -  sd(aR|m)]  [ - b] 

R 

(2c) 


1 

V  _  -  [nd(aR|m)  -  sc(aR|m)]  [ - b] 

R 

(2d) 

where  nc(aR|m),  sc(aR|m),  nd(aR|m), 
and  sd(aR|m)  are  Jacobian  elliptic  func¬ 
tions  (Milne-Thomson,  1950),  m  is  a 
quantity  between  zero  and  one  which 
defines  the  member  of  the  parametric 
family  of  elliptic  functions,  R  is  the  in¬ 
ternuclear  distance,  and  a  and  b  are  para¬ 
meters  to  be  determined.  When  m  is 
zero,  the  elliptic  functions  reduce  to  the 
ordinary  circular  functions;  when  m  is 
one,  the  elliptic  functions  reduce  to  the 
ordinary  hyperbolic  functions.  By  way 
of  contrast,  the  parameters  a  and  b  de¬ 
pend  on  the  molecule  for  which  the  prob¬ 
lem  is  being  solved.  Equations  (2)  are 
more  concisely  written. 


Macla  uri n  Series 


oo 


l 

V  — ell(aR|m)  [ - bl  (3) 

R 

where  ell(aR|m)  symbolizes  any  of  the 
differences  of  two  elliptic  functions  ap¬ 
pearing  in  Equations  (2)  and  the  other 
symbols  have  the  same  meaning  as  given 
previously. 

For  values  of  m  other  than  one,  the 
Jacobian  elliptic  functions,  due  to  their 
periodic  nature,  can  be  shown  to  form 
deficient  potential  functions.  They  have 
periodic  zeroes  and/or  infinities  and 
numerous  extrema.  However,  near  zero, 
the  functions  are  well  behaved,  all  hav¬ 
ing  a  zero  at 

1 

R  —  — 

b 

and  all  converging  to  the  curve  for  which 
m  is  one  as  R  approaches  zero. 

A  further  discussion  of  these  func¬ 
tions  necessitates  the  introduction  of  m.. 
the  complementary  parameter  (to  m), 
K,  the  quarter  period  in  the  real  plane, 
and  K',  a  real  number  such  that  iK' 

(where  i  is  V-l)  is  the  imaginary  quar¬ 
ter  period  (Milne-Thomson,  1950). 

Before  a  series  expansion  is  attempted, 
one  must  investigate  each  function  for 
singularities.  For  Equation  (2a),  ell 
(aR|m)  may  be  rewritten 

1  —  sn(aR|m) 

ell  (aR|m)  — - - 

cn(aR|m) 

where  sn(aR|m)  and  cn(aR|m)  are  Ja¬ 
cobian  elliptic  functions.  This  function 
has  no  other  singularities  in  the  real 
plane  because  whenever  cn(aR|m)  van¬ 
ishes  (at  K)  so  does  [1  -  sn(aRJm)]. 
The  limiting  process  yields 

lim  1  -  sn(aR|m) 


aR  — >  K  cn(aR|m) 

lim  cn(aR|m)  dn(aR|m) 


aR  — >  K  -sn(aR|m)dn(aR|m) 

lim  cn(aR|m) 


aR  — »  K  sn(aR|m) 

=  O 

It  can  be  seen  that  even  in  the  com¬ 
plex  space  this  function  has  no  other 
singularities  since 

1  -  sn(aR|m)  1  -  sn(aR|m) 

V  1  -  sn2(aR|m) 


and  whenever  the  denominator  vanishes 
so  does  the  numerator.  This  implies  that 
the  Taylor  series  for  this  function  is 
valid  for  all  R  <  00  . 

For  Equation  (2b),  ell(aR|m)  may  be 
rewritten 

1  -  sn(aR|m) 

ell(aR|m)  — - 

dn(aR|m) 

1  -  sn(aR|m) 

—  V  1  -  (m)  (sn2(aR|m)) 

This  function  has  an  irregular  singu¬ 
lar  point  whenever 

sn(aR|m)  —  m-* 

which  occurs  at 

u  -  K  +  iK' 

This  singularity  is  necessarily  at  a 
complex  point,  since  K'  never  vanishes 
for  finite  m.  Hence,  along  the  real  axis, 
the  Taylor  expansion  is  valid. 

The  functions  occurring  in  Equations 
(2c)  and  (2d)  may  be  rewritten 

1  sn(aR|m) 

ell  (aR|m)  — - - - 

cn(aR|m)  dn(aR|m) 

1  dn(aR|m) 

ell  (aR|m)  — - - 

dn(aR|m)  cn(aR|m) 

Each  of  these  functions  has  an  irregu¬ 
lar  singular  point  whenever  cn(aR|m) 
vanishes,  i.e.  whenever  the  argument  is 
K.  For  this  reason,  the  Taylor  series 
about  zero  is  not  valid  except  within 
a  radius  K  from  the  origin. 

The  basic  rules  of  differentiation  are 
(Milne-Thomson,  1950) 

d 

- [dc(u)]  =  m1sc(u)nc(u) 

du 

d 

-  [sc(u)]  —  dc(u)nc(u) 

du 

d 

-  [nc(u)]  =z  sc(u)dc(u) 

du 

d 

-  [sd(u)]  =  cd(u)nd(u) 

du 

d 

- [cd(u)]  =r  -m1sd(u)nd(u) 

du 

d 


du 


cn(aR|m) 


[nd(u)J  —  msd(u)cd(u) 
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where 

m1  —  1  -  m 

Hence,  derivatives  of  the  potential  func¬ 
tions  of  any  order  can  be  obtained  in 
terms  of  these  six  functions  and  the 
parameter  m. 

The  differentiation  involves  a  system¬ 
atic  but  tedious  application  of  the  chain 
rule  and,  therefore,  is  an  excellent  prob¬ 
lem  for  a  computer.  It  should  be  noted 
that  differentiation  of  dc(u),  sc(u),  and 
nc(u)  produce  only  terms  containing 
dc(u),  sc(u),  and  nc(u).  Likewise,  scl 
(u),  cd(u),  and  nd(u)  form  a  closed 
group.  Hence,  two  programs  were  writ¬ 
ten,  one  to  accomplish  the  differentia¬ 
tions  of  nc(u)  and  sc(u)  and  one  to  ac¬ 
complish  the  differentiations  of  nd(u) 
and  sd(u).  The  principle  of  the  two  pro¬ 
grams  is  identical  but  the  second  group 
involves  both  m  and  mx  whereas  the  first 
group  involves  only  mx.  In  addition  to 
introducing  the  extra  parameter,  the  two 
programs  differ  in  the  rules  of  differ¬ 
entiation  which  are  inserted  as  input 
information. 

The  programs  were  written  in  FOR¬ 
TRAN  II  (IBM,  1962)  for  the  IBM  1620 
computer  with  40  K  storage.  A  monitor 
IBM  PR  025  was  used.  The  programs 
are  given  in  the  Appendix. 

A  single  card  is  used  as  input  infor¬ 
mation.  The  output  from  this  run  is 
used  as  input  for  the  next  stage  of  the 
process,  generation  of  the  terms  cor¬ 
responding  to  the  coefficient  for  the 
quadratic  power  of  the  internuclear  dis¬ 
tance.  The  output  for  the  quadratic 
power  is  used  as  input  for  the  cubic 
term,  etc. 

Each  answer  card  which  omits  the 
term  sc(u)  or  sd(u)  contains  an  as¬ 
terisk.  Only  these  cards  contribute  to 
the  final  Maclaurin  expansion  since 

sc(0|m)  —  sd(0|m)  —  O 

Further,  one  needs  only  note  the  co¬ 
efficient  of  the  term  and  the  exponents 
of  m  and  mx  contained  on  these  cards 
since 

nc(0|m)  —  dc(0|m)  — 

nd(0|m)  =  cd(0|m) 

Results  and  Discussion 

Sufficient  differentiations  were  car¬ 
ried  out  in  order  to  obtain  a  Taylor 
series  expansion  for  each  of  the  ell 


(aRlm)  in  Equations  (2)  correct  to 
the  eighth  power  of  the  internuclear 
distance.  The  general  equation  is 
i  =  8 

ell(aR|m)  —  fi(m,m1)  (aRRC-l)1 

i~7o  (i!) 

(4) 

Table  1  tabulates  the  coefficients 
fiOnpnJ  for  each  ell  (aRlm)  in  Equa¬ 
tions  (2).  For  comparison  purposes, 
the  corresponding  coefficient  for  the 
expansion  of  e'aR  is  also  given. 

Each  of  the  ell  (aRlm)  is  composed 
of  a  difference  of  Jacobian  elliptic 
functions.  Only  one  member  of  the 
functions  in  the  differencing  contrib¬ 
utes  to  a  given  power  of  R.  For  ex¬ 
ample,  in  Equation  (2b),  nd  (aRlm) 
contributes  only  to  even  powers  of  R 
while  sd(aRlm)  contributes  only  to 
odd  powers  of  R.  (The  analogy  to 
sin  x  contributing  only  to  the  odd 
powers  of  an  expansion  of  ex  while 
cos  x  contributes  only  to  the  even 
powers  is  obvious). 

The  most  notable  feature  of  Table 
1  is  the  fact  that  all  of  the  general¬ 
ized  potential  functions  are  identical 
with  the  original  Frost-Musulin 
function  through  the  linear  term. 
Further,  the  functions  described  by 
Equations  (2a)  and  (2c)  are  iden¬ 
tical  with  the  Frost-Musulin  function 
through  the  quadratic  term.  Alter¬ 
natively,  one  would  conclude  that 
the  deficiencies  in  the  elliptic  poten¬ 
tial  functions  (extrema,  infinities, 
and  zeroes)  do  not  exist  at  small 
R. 

A  second  feature  which  is  quite 
surprising  is  that  for  a  given  i,  the 
absolute  values  of  the  numerical  co¬ 
efficients  contained  in  f^nqnq)  are 
the  same  for  each  of  the  ell  (aRlm) 
in  Equations  (2).  No  doubt  a 
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theorem  of  interest  to  mathemati¬ 
cians  exists. 

The  ell(aRlm)  approach  e'aR  as 
m  approaches  one  and  as  m1  ap¬ 
proaches  zero.  Each  fi(m,m1)  ap¬ 
proaches  one  under  these  conditions. 
This  fact  provides  a  demonstration 
of  consistency  in  the  present  work. 

Table  2  shows,  for  sd(u),  the  num¬ 
ber  of  terms  at  each  step  of  the  dif¬ 
ferentiation.  It  can  be  seen  that  the 
program  generates  terms  in  a  rapidly 
increasing  manner.  Table  2  also 
shows,  for  sd(u),  the  number  of 
terms  at  each  stage  of  the  differentia¬ 
tion  which  contributes  to  the  coeffi¬ 
cients  of  the  Maclaurin  expansion. 
These  terms  form  a  much  smaller 
subset.  The  pattern  shown  for  sd(u) 
is  repeated  for  all  ell(aRlm)  terms. 


Appendix 

A.  A  FORTRAN  II  Program  for  the  Differentiation  of  dc(u),  nc(u)  and  sc(u) 
The  general  term  containing  these  three  functions  is  differentiated  as  follows: 

d 

-  [km1pdc(u)<1nc(u)rsc(u) *]  —  [qkm1p+1dc(u)fl-,nc(u)r+1sc(u)t+1 

du 

+  rkm1pdc(u)q+,nc(u)r~1sc(u)t+1  +  tkm,pdc(u)q+1nc(u)r+1sc(u) t_1] 

where  p,  q,  r,  and  t  are  arbitrary  exponents,  k  is  a  constant  coefficient,  dc(u), 
nc(u),  and  sc(u)  are  Jacobian  elliptic  functions,  and  m,  is  the  elliptic  function 
complementary  parameter. 

C  CONTROL  CARDS  TO  CALL  FOR  FORTRAN  II 
340003200701360003200702490240251 196361 1 300102 
ZZJOB  5 

C  CONTROL  CARD  TO  LOAD  SUBROUTINES  INTO  CORE 
ZZFORX5400 

C  CONTROL  CARD  TO  RESERVE  8  SPACES  FOR  FLOATING  DECIMAL 
C  NUMBERS  AND  10  SPACES  FOR  FIXED  DECIMAL  NUMBERS 
*FAN  DK0810 

DIMENSION  I  NP(3),INQ(3),INR(3),INT(3),INK  (3) 

C  EXPONENTS  AND  COEFFICIENT  OF  THE  GENERAL  TERM  ARE  READ 
C  INTO  THE  COMPUTER,  N  PRECEDES  THE  DESIGNATION  OF  THE  EX- 
C  PONENTS  TO  MAKE  THEM  FIXED  DECIMAL  NUMBERS 
5  READ1,K,NP,NQ,NR,NT 
1  FORMAT  (5(I4,4X) 

C  CALCULATION  OF  THE  COEFFICIENT  AND  EXPONENTS  FOR  EACH 
C  OF  THE  THREE  TERMS  GENERATED  BY  DIFFERENTIATION 
IN  K(1)  =  K*NQ 
I N  P  (1 )  =  N  P  +  1 
I NQ  (1  )  =  NQ — 1 
INR(1)  =  NR  +  1 
INT(1)  =  NT  +  1 
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Table  2.  Number  of  Terms  and  Non¬ 
zero  Terms  At  Each  Stage  of  the  Differ¬ 
entiation  of  sd(u). 
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Subset  of  Terms 
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INK(2)  =  K*NR 
I N  P  (2)  =N  P 
INQ(2)=NQ  +  1 
I N  R  (2)  =  N  R — 1 
INT(2)  =  NT  +  1 
IN  K(3)  =  K*NT 
|NP(3)  =  NP 
INQ(3)=NQ  +  1 
INR(3)  =  NR  +  1 
I  NT (3)  =  NT — 1 
D02l=1,3 

C  BRANCH  STATEMENT  TO  BYPASS  A  TERM  WITH  ZERO  COEFFICIENT 

I F  ( I N  K  ( I ))  4,2,4 

C  BRANCH  STATEMENT  TO  DECIDE  FORMAT  OF  OUTPUT  STATEMENT, 
C  DECISION  IS  DETERMINED  BY  WHETHER  OR  NOT  SC(U)  APPEARS  IN 
C  THE  TERM 

4  I F ( I N T ( I )  )8,6,8 

C  ANSWER  IS  PUNCHED  OUT  ON  CARD,  AN  ASTERISK  IS  INCLUDED 
C  TO  SHOW  THAT  SC(U)  IS  MISSING 

6  PUNCH7,INK(I),INP(I),INQ(I),INR(I),INT(I) 

7  FORMAT (5(I4,4X),1  H*) 

GO  TO  2 

C  ANSWER  IS  PUNCHED  OUT  ON  CARD,  NO  ASTERISK  IS  INCLUDED 
C  TO  SHOW  SC(U)  IS  PRESENT 

8  PUNCH1,INK(I),INP(I),INQ(I),INR(I),INT(|) 

2  CONTINUE 

C  RETURN  TO  READ  ANOTHER  CARD 
GO  TO  5 
END 

*DAT  A 

B.  A  FORTRAN  II  Program  for  the  Differentiation  of  nd(u),  sd(u),  and  cd(u). 
The  general  term  containing  these  three  functions  is  differentiated  as  follows: 
d 

-  [km1pmI,nd(u)qcd(u)rsd(u) *]  —  [qkmipmn+1nd(u)q_1cd(u)r+1sd(u)t+1 

du 

-  rkmip+1mnnd(u)q+Icd(u)r_1sd(u)t+1  +  tkm1pmnnd(u)q+1cd(u)r+1sd(u)t-1] 

where  p,  q,  r,  n  and  t  are  arbitary  exponents,  k  is  a  constant  coefficient,  nd(u), 
cd(u),  and  sd(u)  are  Jacobian  elliptic  functions,  m  is  the  elliptic  function  para¬ 
meter,  and  mx  is  the  complementary  parameter. 

C  CONTROL  CARDS  TO  CALL  FOR  FORTRAN  II 
340003200701 36000320070249024025 11963611300102 
ZZJOB  5 

C  CONTROL  CARD  TO  LOAD  SUBROUTINES  INTO  CORE 
ZZFORX5400 

C  CONTROL  CARD  TO  RESERVE  8  SPACES  FOR  FLOATING  DECIMAL 
C  NUMBERS  AND  10  SPACES  FOR  FIXED  DECIMAL  NUMBERS 
*FANDK0810 

DIMENSIONINP(3),INQ(3),INR(3),INT(3),INK(3),INN(3) 

1  FORM  AT  (6  ( I4,4X) ) 

C  EXPONENTS  AND  COEFFICIENT  OF  THE  GENERAL  TERM  ARE  READ 
C  INTO  THE  COMPUTER,  N  PRECEDES  THE  DESIGNATION  OF  THE  EX- 
C  PON  ENTS  TO  MAKE  THEM  FIXED  DECIMAL  NUMBERS 

5  READ1,K,NP,NQ,NR,NT,N 

C  CALCULATION  OF  THE  COEFFICIENT  AND  EXPONENTS  FOR  EACH 
C  OFTHETHREETERMS  GENERATED  BY  DIFFERENTIATION 
IN  K(1)  =  K*NQ 
|NP(1)  =  NP  +  1 
INQ(1)  =  NQ — 1 
|NR(1)=NR  +  1 
INT(1)=NT  + 1 
I N  N  (1  )  =  N 
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IN  K(2)  =  K*NR 
I N  P  (2)  =  N  P 
INQ(2)  =  NQ  +  1 
I N  R  (2)  =  N  R — 1 
INT(2)  =  NT+1 
INN(2)  =  N  +  1 
INK(3)  =  K*NT 
INP(3)  =  NP 
|NQ(3)  =  NQ  +  1 
INR(3)  =  NR  +  1 
I  NT  (3)  =  NT — 1 
INN  (3)  =  N 
D02l=1 ,3 

C  BRANCH  STATEMENT  TO  BYPASS  A  TERM  WITH  ZERO  COEFFICIENT 

I  F  ( I N  K  ( I )  )4,2,4 

C  BRANCH  STATEMENT  TO  DECIDE  FORMAT  OF  OUTPUT  STATEMENT, 
C  DECISION  IS  DETERMINED  BY  WHETHER  OR  NOT  SD(U)  APPEARS  IN 
C  THE  TERM 

4  I  F  ( I  NT  ( I )  )8,6,8 

C  ANSWER  IS  PUNCHED  OUT  ON  CARD,  AN  ASTERISK  IS  INCLUDED  TO 
C  SHOW  THAT  SD(U)  IS  MISSING 

6  PUNCH7,INK(I),INP(I),INQ(I),INR(I),INT(I),INN(I) 

GO  TO  2 

7  FORMAT (6(l4,4x),1  H*) 

C  ANSWER  IS  PUNCHED  OUT  ON  CARD,  AN  ASTERISK  IS  INCLUDED 
C  TO  SHOW  SD( U )  IS  PRESENT 

8  PUNCH1,INK(I),INP(I),INQ(I),INR(I),INT(I),INN(I) 

2  CONTINUE 

C  RETURN  TO  READ  ANOTHER  CARD 
GO  TO  5 
END 

-DATA 
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INFLUENCE  OF  THALLOUS  IONS  ON  THE  TRANSPORT 
OF  CERTAIN  CATIONS  BY  EXCISED  BARLEY  ROOTS 


WALTER  E.  SCHMID 
Southern  Illinois  University,  Carbondale 


Abstract.  —  On  the  basis  of  experi¬ 
ments  concerned  with  transport  of  sev¬ 
eral  preferred-ions  and  on  the  basis  of 
respirometric  data,  it  is  concluded  that 
T1  exerts  its  effect  as  a  competitive  in¬ 
hibitor  of  rubidium  (and,  therefore,  prob¬ 
ably  potassium)  uptake.  In  addition,  it 
is  found  that  T1  exerts  a  mixed  or  per¬ 
haps  non-competitive  inhibition  on  sod¬ 
ium  uptake.  No  especial  effect  is  ob¬ 
served  when  zinc  is  the  preferred-ion. 
The  respirometric  data  indicate  that  T1 
does  not  depress  oxygen  utilization  by 
excised  roots. 


Ion  transport  in  plant  cells  gen¬ 
erally  is  regarded  as  a  carrier-medi¬ 
ated  process  which  is  dependent  on 
an  adequate  supply  of  metabolic  en¬ 
ergy.  The  mechanism  of  ion  trans¬ 
port  for  certain  cations  has  been  ex¬ 
amined  by  Epstein  and  Hagen 
(1952),  and  they  have  treated  the 
process  in  a  manner  analogous  to  the 
kinetic  analyses  utilized  in  enzyme 
studies  and  described  in  detail  by 
Dixon  and  Webb  (1964).  These  ex¬ 
periments  (Epstein  and  Hagen, 
1952)  and  many  others  reported  sub¬ 
sequently  have  revealed  that,  as  in 
enzyme  studies  so  also  in  ion  trans¬ 
port  studies,  the  accumulation  of  pre¬ 
ferred-ions  is  subject  to  the  influence 
of  other  ions  which  also  may  be  pres¬ 
ent  in  the  absorption  solution.  These 
additional  ions  may  act  as  inhibitors 
of  preferred-ion  transport.  Several 
examples  may  be  cited  just  for  ca¬ 
tionic  species :  the  classical  exam¬ 


ple  (Epstein  and  Hagen,  1952)  is 
that  of  rubidium  inhibiting  potas¬ 
sium  transport;  also  reported  is  the 
competition  between  calcium  and 
lithium  (Epstein,  1960;  Waisel, 
1962)  and  that  of  copper  on  zinc 
transport  (Schmid,  et  al.,  1965),  to 
name  a  few. 

Mullins  and  Moore  (1960)  have 
predicted  that  thallium,  because  of  a 
certain  similarity  in  ionic  dimensions 
to  potassium,  should  inhibit  uptake 
of  this  element,  and  in  animal  tis¬ 
sues  they  found  this  to  be  the  case. 
Cohen  (1962),  working  with  Chlorel- 
la,  used  thallium  as  a  competitor  for 
rubidium-binding  sites.  The  use  of 
the  same  element,  thallium,  in  work 
with  these  two  elements,  potassium 
and  rubidium,  is  not  surprising  in 
view  of  the  fact  that  rubidium  and 
potassium  are  not  readily  distin¬ 
guished  by  the  common  transport 
mechanism. 

On  the  basis  of  such  results  one 
may  predict  that  thallium  should  be 
an  inhibitor  of  rubidium  uptake. 
But,  examination  of  the  Merck  In¬ 
dex  (1960;  p.  1027  and  1028)  reveals 
that  thallium  is  a  toxic  element,  be¬ 
ing  used  in  rat  poisons  at  the  rate 
of  a  few  per  cent  in  an  inert  carrier. 
Thallous  nitrate,  the  form  used  in  the 
present  study,  is  clearly  labeled  as 
“Poisonous.” 
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In  view  of  this  fact  it  becomes  pos¬ 
sible  that  the  effect  of  thallium  ac¬ 
tually  is  to  inhibit  metabolism  ancl 
thus  to  interfere  with  ion  uptake. 
Since  it  generally  is  acknowledged 
that  ion  transport  is  an  active  process 
requiring  metabolically-produced  en¬ 
ergy,  any  substance  which  inhibits 
metabolism  also  should  inhibit  ion 
uptake,  but  not  in  the  same  way  as 
does  a  competitive  inhibitor.  If  thal¬ 
lium  were  to  act  on  metabolism  it 
would  be  a  more  general  inhibitor, 
showing  influences  on  the  accumula¬ 
tion  of  several  different  ions  and  on 
respiration. 

Materials  and  Methods 

Barley  roots  ( Hordeum  vulgare  L., 
variety  Kenbar;  Sphar  &  Co.,  Mt.  Car¬ 
mel,  Illinois)  were  grown  and  treated 
experimentally  as  described  by  Epstein 
(1961).  Prior  to  use,  the  roots  were  ex¬ 
cised,  rinsed  in  demineralized,  distilled 
water,  and  then  one-gram  portions  (fresh 
weight)  were  put  into  culture  tubes  con¬ 
taining  demineralized,  distilled  water. 
Aeration  was  supplied  and  the  cultures 
were  thermostated  at  23 °C. 

All  solutions  were  prepared  with  de¬ 
mineralized,  distilled  water.  The  pre¬ 
ferred-ions  were  used  in  the  chloride 
form.  Labeling  was  done  with  the  ap¬ 
propriate  radioisotope:  Zn65,  Rb86,  or  Na22, 
also  in  the  chloride  form.  Thallium  was 
used  in  the  nitrate  form,  the  chloride  be¬ 
ing  quite  insoluble.  Thallium-concentra¬ 
tion  experiments  with  sodium  and  with 
rubidium  were  done  with  solutions  which 
varied  with  respect  to  thallium  from  zero 
through  5  x  10‘3M  while  sodium  or  ru¬ 
bidium  were  present  in  a  concentration 
of  10~4M.  Thallous  nitrate  was  added 
where  needed  in  Lineweaver-Burk  analy¬ 
ses  (Lineweaver  and  Burk,  1934)  to 
make  a  final  concentration  of  5  x  10~3M. 

In  the  case  of  experiments  with  zinc, 
thallous  nitrate  was  varied  in  concentra¬ 
tion  from  zero  through  2  x  10"5M  and 
zinc  was  present  in  a  concentration  of 
5  x  10_6M.  In  the  zinc  uptake  studies, 
absorption  periods  sometimes  were  fol¬ 
lowed  by  treatment  with  non-radiozinc 
solutions  to  effect  a  complete  removal 
of  exchange-adsorbed  zinc.  It  has  been 
shown  elsewhere  (Schmid,  et  al.,  1965) 


that  there  is  a  large,  non-selective,  non- 
metabolic,  exchange-adsorbed  zinc  frac¬ 
tion  in  plant  roots  and  that  this  must 
be  taken  into  consideration  in  short-term 
uptake  experiments. 

All  absorption  solutions  contained  cal¬ 
cium  added  as  calcium  chloride  to  a  final 
concentration  of  5  x  10'4M.  All  absorp¬ 
tion  times  were  20  minutes  long.  De¬ 
sorption  times  (zinc  experiments)  were 
15  minutes  in  duration. 

The  radioactivity  content  of  the  tis¬ 
sues  was  measured  with  a  gas-flow  de¬ 
tector  in  a  Picker  automatic  sample¬ 
changing  system.  The  rate  of  respiration 
of  the  roots  was  determined  with  an 
Aminco,  Warburg  Respirometer. 

Experimental  Results 

In  all  cases,  data  are  based  on  a  “per 
gram  fresh  weight  per  hour”  basis.  With 
respect  to  sodium  or  rubidium  uptake, 
quantities  are  expressed  in  micromoles 
of  the  preferred-ion;  for  zinc,  nanomoles 
are  used.  In  the  respiration  experiments, 
respiratory  activity  is  expressed  in  terms 
of  microliters  of  oxygen. 

Rubidium  Transport. — In  Figure  1  are 
presented  results  of  the  type  obtained 
when  the  preferred-ion  is  rubidium.  Fig¬ 
ure  la  depicts  rubidium  uptake  (depend¬ 
ent  axis)  as  a  function  of  concentration 
of  added  thallous  nitrate  of  calcium  ni¬ 
trate.  Calcium  nitrate  was  included  to 
establish  whether  the  presence  of  ni¬ 
trate  ions  had  any  effect  on  rubidium 
uptake.  The  additional  calcium  thus 
added  would  not  effect  any  real  change 
in  the  absorption  solution  because  cal¬ 
cium  was  present  in  the  form  of  calcium 
chloride  (in  a  concentration  of  5  x 
10~4M)  already. 

In  Figure  la  it  will  be  observed  that 
added  thallium  nitrate  suppressed  ru¬ 
bidium  uptake  while  added  calcium  ni¬ 
trate  showed  little  effect.  These  results 
were  taken  as  preliminary  evidence  that 
rubidium  uptake  indeed  is  susceptible  to 
the  presence  of  added  thallium. 

In  order  to  establish  whether  the  effect 
of  added  thallium  was  that  of  an  inhib¬ 
itor  (competitive  or  otherwise)  of  ru¬ 
bidium  uptake,  an  experiment  was  done 
in  which  the  preferred-ion  concentration 
was  varied  in  the  presence  or  absence 
of  added  thallium.  Figure  lb  presents 
the  results  of  this  experiment.  The  con¬ 
centration  of  preferred-ion  is  indicated 
on  the  independent  axis  in  the  reciprocal 
form;  i.e.,  high  rubidium  concentrations 
are  toward  the  left-hand  end  of  the  axis 
whereas  low  concentrations  are  toward 
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Figure  1.  —  la.  Rate  of  Rb  absorption 
by  excised  barley  roots  as  a  function  of 
molar  concentration  of  additive  (Ca- 
(N03)o  or  T1N03).  Rb  concentration  0.1 
mM  throughout,  lb.  Lineweaver-Burk 
plot  of  Rb  absorption  over  the  range  0.3 
to  3.0  mM  in  the  absence  of  T1  (lower 
line)  and  in  its  presence  at  5  mM  (+T1 
line).  T1  supplied  as  T1N03. 

In  both  figures  the  CaCl2  concentra¬ 
tion  is  0.5  mM  throughout  and  absorp¬ 
tion  times  are  20  minutes. 

the  right-hand  end.  The  axis  is  labelled 
1/[S]  in  compliance  with  common  usage 
(Lineweaver  and  Burk,  1934).  Rubidium 
taken  up  by  the  roots  is  indicated  on  the 
dependent  axis,  again  in  a  reciprocal 
manner.  The  vertical  axis  indicates 
rates  of  uptake  (values  are  in  reciprocal 
micromoles  Rb/g.  fr.  wt./hr.)  and  high 
rates  of  uptake  are  toward  the  origin 
while  low  rates  are  toward  the  top  of 
the  axis.  The  +T1  curve  is  for  those  ab¬ 
sorption  solutions  containing  added  thal¬ 
lium  (5  x  10  :iM). 

The  results  shown  in  Figure  lb  are  of 
a  type  which  characterize  competitive 
inhibition  of  ion  transport  (cf.  Epstein 
and  Hagen,  1952). 


Zinc  Transport. — The  results  with  ru¬ 
bidium,  as  exemplified  by  the  data  in 
Figure  1,  left  unanswered  the  question 
of  whether  thallium  had  a  generally¬ 
poisoning  effect.  One  way  to  answer  this 
question  was  to  look  into  the  situation 
with  respect  to  the  transport  of  other 
preferred-ions.  In  Figure  2  are  presented 
data  for  an  experiment  with  zinc  trans¬ 
port.  In  this  case  it  will  be  noticed 
that  the  amounts  involved  are  smaller 
by  several  orders  of  magnitude  than 
those  found  in  Figure  1.  This  derives 
from  the  fact  that  zinc  is  a  micronu¬ 
trient  element  and  so  smaller  quantities 
of  the  element  are  provided  in  the  ab¬ 
sorption  solution  and  correspondingly 
small  amounts  are  taken  up  by  roots. 

It  will  be  observed  that  added  thal¬ 
lium  exerted  very  little  effect  on  zinc  up¬ 
take,  both  in  terms  of  total  zinc  (ad¬ 
sorbed  zinc  +  zinc  behind  the  diffusion 
barrier;  labelled  “not  desorbed”  in  Fig¬ 
ure  2)  or  of  accumulated  zinc  (total 
zinc-adsorbed  zinc;  labelled  “desorbed” 
in  Figure  2 ) .  Because  of  the  lack  of  any 
effect,  even  when  the  thallium  concen¬ 
tration  was  four  times  that  of  the  zinc, 
no  Lineweaver-Burk  analyses  were  done 
for  this  element. 


Figure  2.  —  Rate  of  Zn  absorption  by 
excised  barley  roots  as  a  function  of 
micromolar  concentration  of  added 
T1N03.  Zn  concentration  5  micromolar 
throughout.  Upper  line  (not  desorbed) 
for  treatments  which  only  were  rinsed 
after  the  absorption  period.  Lower  line 
(desorbed)  for  treatments  which  were 
rinsed  and  then  exposed  to  non-radiozinc 
solution  to  effect  desorption  of  exchange- 
adsorbed  zinc.  CaCL  concentration  is  0.5 
mM  in  the  absorption  solutions.  Ab¬ 
sorption  times  are  20  minutes  and  de¬ 
sorption  times  are  15  minutes. 
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Sodium  Transport. — When  sodium  was 
employed  as  the  preferred-ion  in  studies 
similar  to  those  described  for  rubidium 
(Fig.  1)  the  results  presented  in  Figure 
3  were  obtained.  It  is  interesting  to  note 
(Fig.  3a)  that  added  calcium  nitrate  had 
a  slightly-stimulatory  effect  on  sodium 
uptake  whereas  added  tliallous  nitrate 
suppressed  it  more  severely  than  it  did 
rubidium  uptake.  In  this  light,  the  re¬ 
sults  depicted  in  Figure  3b  were  of  espe¬ 
cial  interest. 

Figure  3b  is  a  Lineweaver-Burk  plot 
of  sodium  uptake  in  the  presence  or  ab¬ 
sence  of  added  thallium.  The  same  con¬ 
siderations  apply  with  respect  to  the 
axes  of  this  figure  as  Figure  la.  The  re¬ 
sults  are  of  a  type  which  characterize 
a  non-competitive  type  of  inhibition  al¬ 
though  a  mixed-type  of  inhibition  may 
be  indicated. 

Respirati07i  Data. — When  the  rate  of 
respiration  in  the  presence  or  absence 
of  thallium  was  measured  it  was  found 
that  added  thallium  actually  increased 
respiration.  Roots  in  the  presence  of  5  x 
10_4M  CaCL  and  2.5  x  10-3M  TINOs  re¬ 
spired  at  the  rate  of  52  micromoles  of 
oxygen  per  gram  fresh  weight  per  hour 
whereas  those  in  CaCL  solution  (alone) 
respired  at  the  rate  of  42  micromoles. 
These  data  indicate  that  added  thallium 
exerted  no  inhibitory  effect  on  respira¬ 
tion  in  terms  of  oxygen  uptake. 

Discussion 

The  purpose  of  the  present  study 
has  been  to  gain  an  insight  into  the 
mode  of  action  of  thallium  in  its  ef¬ 
fect  on  ion  transport  by  plant  roots. 
The  literature  contains  seemingly 
conflicting  information  on  this  point. 

On  the  one  hand,  thallium  has 
been  shown  (Mullins  and  Moore, 
1960)  to  inhibit  the  movement  of 
potassium  across  the  membrane  of 
frog  muscle.  This  effect  is  ascribed 
to  a  similarity  in  ionic  radius  of  the 
two  chemical  species.  Then  too, 
Cohen  (1962)  has  demonstrated  that 
thallium  specifically  competed  with 
rubidium  for  ion-binding  sites  in 
Chlorella  cell  membranes.  Both  of 
these  studies  indicate  that  the  effect 
of  thallium  in  ion  relationships  is  one 


of  an  inhibitory  element.  But,  on 
the  contrary,  thallium  itself  is  re¬ 
garded  as  a  poisonous  element 
(Merck  Index,  1960). 

Thus,  the  question  arises  as  to 
whether  thallium  is  poisonous  be¬ 
cause  of  its  inhibitory  effect  on  ion 
relations  in  plants  (perhaps  depriv¬ 
ing  cells  of  required  quantities  of  es¬ 
sential  ions  or  simply  upsetting  nec¬ 
essary  ion  balances)  or  because  it  in¬ 
hibits  cellular  metabolism  and  thus 
exerts  a  general,  inhibitory  effect  on 


Figure  3.  —  3a. — Rate  of  Na  absorp¬ 
tion  by  excised  barley  roots  as  a  func¬ 
tion  of  molar  concentration  of  additive 
(Ca(N03)2  or  T1N03).  Na  concentration 
0.1  mM  throughout.  3b. — Lineweaver- 
Burk  plot  of  Na  absorption  over  the 
range  0.3  to  3.0  mM  in  the  absence  of 
T1  (lower  line)  and  in  its  presence  at 
5  mM  (+T1  line).  T1  supplied  as  T1N03. 

Both  figures:  CaCl2  concentration  0.5 
mM  throughout.  Absorption  times:  20 
minutes. 
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ion  uptake  (which  is  an  energy-de- 
pendent  process). 

To  attempt  to  answer  this  ques¬ 
tion,  the  uptake  of  several  cationic 
species  by  excised  barley  roots  with 
and  without  added  thallium  was  ex¬ 
amined.  Also  studied  was  the  effect 
of  added  thallium  on  oxygen  utiliza¬ 
tion  by  root  cells  (as  an  indication 
of  respiration). 

Results  with  Rubidium. — The  data 
found  in  Figure  la  reveal  that  added 
thallium  indeed  does  inhibit  rubid¬ 
ium  (and,  therefore,  probably  potas¬ 
sium)  uptake  into  excised  barley 
roots.  But  an  experiment  such  as  this 
does  not  distinguish  readily  between 
reduced  uptake  as  a  result  of  ion 
competition  or  as  a  result  of  im¬ 
paired  metabolism.  To  answer  this 
question  an  experiment  of  the  dou¬ 
ble-reciprocal  type  (L  ine  weave  r- 
Burk  plot ;  Lineweaver  and  Burk, 
1934)  must  be  resorted  to.  In  Fig¬ 
ure  lb  such  an  experiment  is  re¬ 
corded. 

It  will  be  noted  that  when  no  thal¬ 
lium  was  present  in  the  absorption 
solutions  a  line  was  obtained  with 
Vmax  =  3-33  x  10'6  moles  Rb/g.  fr. 
wt./hr.  The  KM  for  this  mechanism 
was  calculated  to  be  0.043  mM  with 
respect  to  rubidium.  These  values 
may  be  compared  with  those  reported 
by  Epstein,  et  al.  (1963)  :  Vmax  = 
1  x  105  moles  Rb/g.  fr.  wt./hr.  and 
Km  =  0.017.  The  differences  between 
the  two  sets  of  results  may  be  due  to 
the  use  of  different  varieties  of  bar¬ 
ley  (Millaway  (1966)  has  found 
wide  variation  in  Vmax  and  KM  values 
in  several  varieties  of  field  corn)  or 
they  may  be  due  to  the  fact  that  dif¬ 
ferent  experimental  temperatures 
were  used  (Epstein,  et  al.  used  30° 
C). 


When  thallium  was  added  to  the 
absorption  solutions  the  resulting 
plot  was  characterized  by  having  an 
ordinate  intercept  which  was  un¬ 
changed  but  a  slope  which  was  mark¬ 
edly  greater  than  that  observed  for 
the  plot  without  added  thallium. 
From  this  (  +  T1  line  in  Figure  lb) 
it  is  surmised  that  little  or  no  change 
in  Vmax  took  place,  and  the  Ki  for 
the  inhibitor,  thallium,  was  com¬ 
puted  to  be  0.345  mM.  This  suggests 
an  almost  ten-fold  difference  in  affin¬ 
ity  of  the  carrier  in  favor  of  rubid¬ 
ium. 

Figure  lb  also  reveals  that  the  ef¬ 
fect  of  added  thallium  probably  was 
not  that  of  a  respiratory  inhibitor 
since  in  the  case  of  the  latter,  a  dif¬ 
ferent  plot  would  be  expected  (i.e.,  a 
line  whose  ordinate  intercept  was  in¬ 
creased  while  the  slope  remained  un¬ 
changed).  The  findings  depicted  in 
Figure  lb  alone  were  not  regarded 
as  sufficient  evidence  against  a  res¬ 
piratory-poison  role  for  thallium. 

Results  with  Zinc. — The  possibil¬ 
ity  that  thallium  might  inhibit  the 
uptake  of  other  cations  was  examined 
using  several  other  radioisotopes. 
The  uptake  of  zinc  (a  micronutrient 
element)  by  excised  barley  roots  has 
been  studied  by  Schmid,  et  al.  (1965) 
and  demonstrated  to  be  metabolical- 
ly-dependent. 

When  zinc  uptake  in  the  presence 
of  thallium  was  measured  (Fig.  2) 
very  little  effect  was  observed.  From 
tliis  it  was  surmised  that  thallium 
probably  did  not  inhibit  zinc  uptake 
in  a  competitive  manner.  But  it  did 
not  eliminate  a  possible  respiratory- 
poison  role  for  thallium  since  it  has 
been  shown  elsewhere  (e.g.  Schmid 
and  Hawf,  1966)  that  neither  DNP 
nor  CCP  (two  reportedly-effective 
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inhibitors  of  respiration)  affect  zinc 
uptake  in  short-term  experiments 
(20  minutes’  duration) .  Indeed,  zinc 
uptake  becomes  susceptible  to  the 
presence  of  added  poisons  only  after 
longer  durations  of  absorption  time 
(Schmid,  et  al.,  1965). 

Results  with  Sodium. — To  further 
clarify  the  mode  of  action  of  that- 
lium  in  ion  uptake,  absorption  of 
sodium  with  and  without  thallium 
Avas  measured.  In  Figure  3a  it  will 
be  seen  that  added  thallium  exerted 
a  more-depressing  effect  on  sodium 
uptake  than  it  did  on  rubidium  up¬ 
take  (cf.  Fig.  la).  Because  of  this,  it 
was  of  interest  to  see  the  results  of  a 
Lineweaver-Burk  plot.  In  Figure  3b 
such  an  experiment  is  depicted. 

AVitli  no  added  thallium  (loAver 
line),  sodium  uptake  was  character¬ 
ized  by  a  Vmax  of  8.33  x  10'6  moles 
Na/g.  fr.  wt./hr.  The  KM  for  this 
mechanism  was  computed  to  be  0.075 
mM  with  respect  to  sodium. 

When  thallium  was  added  to  sodi¬ 
um  absorption  solutions  the  resulting 
plot  (  +  T1  line  of  Figure  3b)  was 
characterized  by  an  increased  ordi¬ 
nate  intercept  and  an  increased 
slope.  The  resulting  Ymax  was  0.909 
x  10'6  moles  Na/g.  fr.  wt./hr. 

Computation  of  Ki  for  thallium 
on  sodium  uptake  was  confused  by 
the  fact  that  the  increase  in  ordinate 
intercept  was  not  proportional  to  the 
increase  in  slope  of  the  +T1  line. 
Were  the  two  values  to  show  equally  - 
proportional  increase,  one  would  as¬ 
sume  non-competitive  inhibition  by 
thallium.  The  unusual  result  was  ex¬ 
amined  from  the  aspect  of  non-com¬ 
petitive  inhibition  and  also  mixed  in¬ 
hibition. 

When  Ki  was  computed  for  a  case 
of  non-competitive  inhibition,  it  was 


found  to  be  0.92  mM ;  again  a  ten¬ 
fold  affinity  of  the  carrier  in  fa\^or 
of  sodium.  For  a  mixed-type  of  in¬ 
hibition,  Ki  AAras  computed  to  be  0.102 
mM.  These  t\ATo  values  are  quite  close. 

Epstein  and  Hagen  (1952)  have 
reported  a  similar  situation  in  exam¬ 
ining  the  uptake  of  rubidium  in  the 
presence  of  high  concentrations  of 
lithium.  They  interpreted  their  re¬ 
sults  as  “el  type  of  interference  in¬ 
termediate  between  the  un-competi- 
tive  and  the  non-competitive.”  In  all 
likelihood  a  similar  situation  obtains 
in  the  present  study  for  the  effect  of 
thallium  on  sodium  uptake. 

Respirometer  Results. — When  the 
uptake  of  oxygen  by  excised  barley 
roots  with  and  without  added  thal¬ 
lium  was  measured,  results  were  ob¬ 
tained  which  suggested  that  added 
thallium  actually  stimulated  respira¬ 
tion.  In  the  presence  of  added  thal¬ 
lium  there  was  an  increase  in  oxy¬ 
gen  uptake  rate.  This  would  sug¬ 
gest  that  thallium  did  not  interfere 
with  respiration.  But,  it  has  been 
pointed  out  by  other  workers  (e.g. 
Robertson,  et  al.,  1951)  that  those 
respiratory  poisons  which  uncouple 
phosphorylation  from  the  cyto¬ 
chrome  system  may  induce  an  in¬ 
crease  in  oxygen  uptake  by  poisoned 
tissue.  Because  of  this,  the  respiro- 
metric  results,  taken  alone,  do  not 
militate  against  the  possibility  that 
thallium  is  exerting  an  uncoupling 
effect  in  oxidative  phosphorylation 
and  thus  interferring  with  the  nor¬ 
mal  supply  of  metabolic  energy. 

However,  when  the  respirometric 
data  are  taken  together  with  the  re¬ 
sults  of  experiments  such  as  those 
depicted  in  Figures  la  and  3a,  it  be¬ 
comes  clear  that  the  effect  of  tlial- 
lium  most  likely  is  not  through  a  gen- 
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erally-poisoning  influence  in  metab¬ 
olism. 

General. — Based  on  the  results  ob¬ 
tained  in  experiments  with  the  up¬ 
take  of  several  catonic  species  by  ex¬ 
cised  barley  roots  and  on  the  results 
of  respirometric  studies,  it  may  be 
concluded  that  thallium  exerts  its 
effect  on  ion  transport  through  a 
competitive  inhibition  of  rubidium 
(and,  therefore,  potassium)  uptake 
and  through  a  mixed  inhibition  or 
perhaps  a  non-competitive  inhibition 
of  sodium  uptake.  That  it  can  have 
its  harmful  effect  in  this  way  might 
explain  its  being  regarded  as  a  poison 
since  the  upset  in  potassium  and/or 
sodium  relations  which  could  accrue 
to  such  an  effect  would  lead  to  death 
of  the  cell. 

Acknowledgments 

This  work  was  supported  in  part  by  a 
grant  from  the  Office  of  Research  and 
Projects,  Southern  Illinois  University, 
and  in  part  by  a  grant  from  the  U.  S. 
Atomic  Energy  Commission.  Messrs. 
Larry  R.  Hawf  and  Charles  E.  Bare 
rendered  technical  assistance  in  the 
course  of  the  investigation. 


Literature  Cited 

Cohen,  D.  1962.  Specific  binding  of  ru¬ 
bidium  in  Ghlorella.  J.  Gen.  Physiol. 
45:959-977. 

Dixon,  M.,  and  E.  C.  Webb.  1964.  En¬ 
zymes.  Academic  Press  Inc.  New  York. 
2nd  edition.  950  pp. 


Epstein,  E.  1960.  Calcium-lithium  com¬ 
petition  in  absorption  by  plant  roots. 
Nature  185:705-706. 

Epstein,  E.  1961.  The  essential  role  of 
calcium  in  selective  cation  transport 
by  plant  cells.  Plant  Physiol.  36:437- 
444. 

Epstein,  E.,  and  C.  E.  Hagen.  1952.  A 
kinetic  study  of  the  absorption  of  alka¬ 
li  cations  by  barley  roots.  Plant 
Physiol.  27:457-474. 

Epstein,  E.,  D.  W.  Rains,  and  O.  E. 
Elzam.  1963.  Resolution  of  dual  me¬ 
chanisms  of  potassium  absorption  by 
barley  roots.  Proc.  Nat.  Acad.  Sci.  49: 
684-692. 

Lineweavee,  H.  and  D.  Burk.  1934.  The 
determination  of  enzyme  dissociation 
constants.  J.  Amer.  Chem.  Soc.  56:658- 
666. 

Merck  Index.  1960.  Merck  &  Co.,  Inc. 
Rahway,  N.  J.  7th  edition.  1642  pp. 

Millaway,  R.  M.  1966.  Genetic  control 
of  rubidium  absorption  by  excised  corn 
roots:  A  preliminary  survey  using  sev¬ 
eral  inbred  varieties.  Unpublished  M. 
Sc.  Thesis,  Carbondale,  Ill.  45  pp. 

Mullins,  L.  J.  and  R.  D.  Moore,  1960. 
The  movement  of  thallium  ions  in  mus¬ 
cle.  J.  Gen.  Physiol.  43:759-773. 

Robertson,  R.  N.,  Marjorie  J.  Wilkins, 
and  D.  C.  Weeks.  1951.  Studies  in  the 
metabolism  of  plant  cells.  IX.  The 
effects  of  2,4-dinitrophenol  on  salt  ac- 
cummulation  and  salt  respiration. 
Aust.  J.  Sci.  Res.  Series  B.  4:248-264. 

Schmid,  W.  E.,  H.  P.  Haag,  and  E.  Ep¬ 
stein.  1965.  Absorption  of  zinc  by  ex¬ 
cised  barley  roots.  Physiol.  Plant. 
18:860-869. 

Schmid,  W.  E.  and  L.  R.  Hawf.  1966. 
Effect  of  carbonyl  cyanide  phenylhy- 
drazone  on  cation  uptake  in  excised 
barley  roots.  Plant  &  Cell  Physiol. 
7:145-148. 

Waisel,  Y.  1962.  The  absorption  of  Li 
and  Ca  by  barley  roots.  Acta  Bot. 
Neer.  11:56-68. 

Manuscript  received  August  5,  1966. 


EXTRACTION  AND  PURIFICATION  OF  PHENOLIC  ACIDS 

FROM  CORN  STALK  TISSUE 


J.  N.  BEMILLER,  R.  L.  RIMSAY  and  A.  J.  PAPPELIS 

Departments  of  Chemistry  and  Botany ,  Southern  Illinois  University ,  C arhondale 


Abstract.  —  Published  methods  for  ex¬ 
traction  of  fluorescent  compounds  were 
examined  qualitatively.  None  gave  com¬ 
plete  extraction  of  fluorescent  compounds 
from  corn  stalk  pith  tissue  nor  satisfac¬ 
tory  separation  from  other  substances 
which  interfere  with  their  chromatogra¬ 
phic  resolution.  Evidence  is  presented 
that  most  fluorescent  compounds  are  not 
present  in  vivo  as  free  phenolic  acids 
but  as  esters  or  glycosides.  Only  ferulic 
acid  was  found  consistently  free  in 
ethanol  extracts. 

Recently,  Guenzi  and  Me  Cal  la 
(1966)  quantitatively  determined 
five  phenolic  acids  (ferulic,  p-cou- 
maric,  syringic,  vanillic,  and  p-hy- 
droxybenzoic)  in  mature  oats,  wheat, 
sorghum,  and  corn  residues.  They 
reported  that  p-coumaric  acid  was 
present  in  greater  concentration  than 
the  other  acids  and  that  higher  con¬ 
centrations  of  phenolic  acids  were 
found  in  alkaline  hydrolyzates  as 
compared  to  acid  hydrolyzates. 

We  have  qualitatively  investigated 
the  presence  of  phenolic  acids  in  corn 
(Zea  mays  L.)  stalks  in  an  investiga¬ 
tion  of  the  resistance  of  corn  to  stalk 
rot  since  a  great  number  of  phenolic 
compounds  have  been  implicated  in 
the  resistance  responses  of  plants  to 
infection.  Only  limited  and  unsys¬ 
tematic  investigations  have  been 
made  of  the  phenolic  acids  and  other 
compounds  which  may  be  of  signifi¬ 
cance  in  disease  resistance  in  field 
corn.  Coumarin,  vanillic  acid,  fer¬ 


ulic  acid,  and  p-coumaric  acid  have 
been  found  in  corn  root  tissue  (Van 
Sumere,  1960).  Reznik  and  Urban 
(1957,  1957a)  presented  chromato¬ 
graphic  evidence  that  scopoletin  7- 
glucoside  (scopolin)  and  chlorogenic 
acid  are  produced  in  corn  leaf  tissue 
from  ferulic  acid  and  they  may  be 
presumed  to  occur  naturally.  They 
also  reported  the  presence  of  p-cou- 
maric  acid  in  corn  leaf  tissue.  Sev¬ 
eral  workers  have  identified  2,4-di- 
hyclroxy-7-methoxy-l,4-benzoxazin-3- 
one  (DMBO)  glucoside  in  corn  stalk 
tissue,  and  it  has  been  implicated  in 
resistance  of  corn  to  Diplodia  zeae 
(Schw.)  Lev.,  a  stalk-rot  causing  or¬ 
ganism  [For  a  literature  review  see 
BeMiller  and  Pappelis  (1965)].  Ge¬ 
netic  studies  on  corn  pigmentation 
suggested  that  cyanidin,  pelargoni- 
din  and  quercitin  3-glucosides,  leuco- 
cyanidin,  and  leucopelargonidin  are 
present  in  the  kernels  (Coe,  1955; 
Straus,  1959). 

The  purpose  of  this  study  was  to 
determine  which  method  of  extrac¬ 
tion  gives  the  best  yields  of  UV 
fluorescent  compounds  to  be  phe¬ 
nolic  by  various  chromogenic  spray 
reactions. 

Materials  and  Methods 

Five  stalk  rot  resistant  inbred  lines 
of  corn  (B2,  B14,  C103,  C190A,  and  Tx 


[68] 


Phenolic  Acids  from  Corn  Stalks 


173D)  were  planted  on  the  Southern  Illi¬ 
nois  University  Agronomy  Farm  on  21 
May  1962,  and  stalks  were  harvested  11 
weeks  later  (6  Aug.  1962).  Internode 
pith  cores  of  parenchyma  tissue  were 
obtained  from  the  first  five  internodes 
of  non-diseased  plants.  These  cores  con¬ 
tained  both  live  and  dead  tissue  (Pap- 
pelis  and  Smith,  1963).  Fresh  or  frozen 
tissue  was  extracted  with  various  sol¬ 
vents  by  heating  on  a  steam  bath  for  5- 
10  minutes  to  inactivate  enzymes  and 
then  finely  divided  in  a  Waring  Blendor. 
The  mixtures  were  filtered  through  glass 
wool.  Extracts  were  then  neutralized,  if 
necessary. 

Paper  chromatographic  comparison  of 
the  extracts  was  effected  on  Whatman 
No.  1  paper  with  a  variety  of  irrigants, 
primarily  10%  acetic  acid,  1-butanol- 
acetic  acid-water  (4:1:5  v/v,  upper  lay¬ 
er),  and  water-saturated  1-butanol.  Lo¬ 
cation  of  components  was  done  by  long¬ 
wave  (ca.  366  m^)  and  short  wave  (ca. 
254  m^a)  ultraviolet  radiation  and  suit¬ 
able  chromogenic  sprays. 

Results 

Alkaline  extracts  of  the  tissue, 
made  for  example  with  1%  NaOH 
in  water  or  ethanol,  were  deeply  col¬ 
ored  and  exhibited  intense  fluores- 
ence.  The  brown  color  may  have 
been  due  to  oxidative  degradation  or 
polymerization  of  the  extracted  sub¬ 
stances,  inasmuch  as  the  use  of  a 
Waring  Blendor  thoroughly  aerated 
the  mixture.  To  investigate  this  pos¬ 
sibility,  caffeic  acid  was  treated 
with  IN  NaOH  under  conditions 
simulating  those  of  extraction  (a) 
with  no  additional  treatment,  (b) 
under  nitrogen,  (c)  under  nitro¬ 
gen  with  the  addition  of  potas¬ 
sium  metabisulfite  (K2S205)  and 
sodium  hyposulfite  (Na2S204)  as  an¬ 
tioxidants,  and  (d)  under  nitrogen 
with  borate.  All  treatments  de¬ 
stroyed  caffeic  acid  to  some  extent ; 
only  borate  gave  any  observable  pro¬ 
tection.  This  confirms  the  report  of 
Rauscher  et  al.  (1958)  that  many  of 
the  naturally  occurring  compounds 
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are  esters  which  are  hydrolyzed  by 
alkaline  solutions.  Hence,  alkaline 
extractions  are  undesirable  for  both 
quantitative  and  qualitative  work. 

Extractions  of  tissue  with  95% 
and  90%  ethanol  and  90%  ethanol 
with  approximately  0.05%  potassium 
metabisulfite  or  sodium  hyposulfite 
(Vuataz  et  al.,  1959)  were  about 
equally  successful.  The  antioxidants 
partially  prevented  darkening  of  the 
solutions  on  standing. 

Extractions  of  tissue  were  also  ef¬ 
fected  with  aqueous  solutions  of  S02, 
H2S,  NH4SH  and  CN~;  the  former 
three  are  reducing  compounds,  and 
the  third  is  basic  in  addition.  Acidi¬ 
fied  sodium  cyanide  solutions  con¬ 
tained  the  most  fluorescent  com¬ 
pounds.  Apparently  destructive  en¬ 
zymes  are  inhibited  by  cyanide  ion. 
However,  chromatographic  compari¬ 
son  with  the  ethanol  extracts  showed 
no  clear  advantage  for  the  use  of 
cyanide  over  that  of  ethanol  with 
antioxidant,  and  the  latter  method 
was  easier  and  safer.  Later,  it  was 
found  that  cyanide  ion  on  cyanide- 
treated  carbon  reacts  with  DMBO 
glucoside  in  aqueous  extracts  of  corn 
stalk  parenchyma  tissue  to  form  an 
artifact  (R.  P.  Hanzlik  and  J.  N. 
BeMiller,  unpublished  data,  1966). 

Neither  should  it  be  assumed  that 
the  alcohol  extraction  method  is  ex¬ 
haustive  or  devoid  of  artifact  forma¬ 
tion.  In  fact,  when  the  residue  re¬ 
maining  from  the  ethanol  extractions 
was  thoroughly  washed  with  hot  wa¬ 
ter  and  petroleum  ether,  extracted 
with  95%  ethanol  in  a  Soxhlet  ex¬ 
tractor  for  72  hr  and  then  treated 
with  a  base,  a  number  of  fluorescent 
compounds,  one  of  which  was  ferulic 
acid,  were  released.  Also,  it  was 
shown  that  the  original  ethanol  ex- 
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tracts  contained  large  amounts  of  re¬ 
ducing  sugars  and  amino  acids ;  and, 
since  heating  these  two  together  in 
the  presence  of  ions  such  as  meta¬ 
bisulfite  and  hyposulfite  effects  Mail- 
lard-type  reactions  (Ellis,  1959)  to 
form  compounds,  some  of  which  are 
fluorescent  (Patton  and  Chism, 
1951  ;  Overby  and  Frost,  1952 ;  Be- 
Miller,  1966),  artifacts  may  be 
formed  in  this  way.  The  carbohy¬ 
drates  and  amino  acids  also  inter¬ 
fere  greatly  with  chromatographic 
separations  and  identification  of  the 
substances  by  their  B1  values. 

To  separate  the  fluorescent  com¬ 
pounds  from  the  water-soluble  car¬ 
bohydrates  and  amino  acids,  the 
ethanol  extracts  were  evaporated  un¬ 
der  reduced  pressure  to  sirups  which 
were  redissolved  in  water.  Extrac¬ 
tions  of  these  aqueous  solutions  at 
various  pH’s  with  petroleum  ether, 
benzene,  chloroform,  ethyl  acetate, 
and  ethyl  ether  were  effected.  Al¬ 
though  the  pH  optimum  was  found 
to  be  about  6  and  extraction  with 
ethyl  ether  in  a  liquid-liquid  extrac¬ 
tor  for  48  to  78  hours  was  found  to 
be  best,  even  these  conditions  did  not 
give  complete  removal  of  the  fluor¬ 
escent  compounds.  The  water-soln- 
ble,  unextracted  substances  are  prob¬ 
ably  esters  and  glycosides.  Neither 
did  a  saturated  lead  acetate  solution 
give  complete  precipitation  of  the 
phenolic  compounds.  Fermentation 
of  the  aqueous  solutions  with  yeast 
removes  many  of  the  fluorescent  com¬ 
pounds  in  addition  to  the  carbohy¬ 
drates  and  amino  acids. 

Adsorbents  were  compared  for 
their  ability  to  bind  fluorescent  com¬ 
pounds  from  the  water  solutions  and 
for  the  ease  with  which  these  com¬ 
pounds  can  be  eluted  from  them.  Of 


alumina,  kaolin,  silica  gel,  florisil,  in¬ 
fusorial  earth,  bone  carbon,  Norit, 
Darco  G-60  Carbon  (untreated  and 
treated  with  cone.  HC1  or  stearic 
acid),  polyamide,  and  Polyclar  AT 
(a  polyvinylpyrrolidone  of  Antara 
Chemicals,  a  division  of  General  Ani¬ 
line  and  Film  Corporation),  only  the 
latter  two  showed  promise.  Polya¬ 
mide  powder  lias  previously  reported 
to  be  useful  for  the  separations  of 
phenols  in  columns  (Seikel,  1962) 
and  in  thin-layer  chromatography 
(Daviclek  and  Prochazka,  1961; 
Davidek,  1962).  The  use  of  poly¬ 
vinylpyrrolidone  for  the  purification 
and  separation  of  fluorescent  com¬ 
pounds  will  be  the  subject  of  a  subse¬ 
quent  report. 

Qualitative  identification  of  the 
components  showed  that,  of  the  com¬ 
mon  phenolic  acids,  only  ferulic  acid 
was  found  free  in  the  ethanol  ex¬ 
tracts  of  stalk  parenchyma  tissue  of 
all  five  varieties.  After  treatment 
with  bases,  much  more  ferulic  acid 
and  p-coumaric  and  vanillic  acids 
were  found  but  no  attempt  was 
made  to  identify  all  the  compounds 
so  produced. 

Discussion 

This  study  revealed  that  none  of 
the  extraction  methods  used,  which 
were  for  the  most  part  methods  re¬ 
ported  in  the  literature,  gave  com¬ 
plete  extraction  of  the  fluorescent 
substances  or  adequate  separation  of 
the  fluorescent  substances  from  car¬ 
bohydrates,  amino  acids,  etc.  which 
interfere  with  their  chromatographic 
resolution  and  identification,  or  pro¬ 
tection  of  the  extracted  substances 
from  degradation  and/or  polymer¬ 
ization.  Methods  now  available  for 
purification  and  separation  of  pheno- 
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lie  compounds  work  well  only  with 
the  free  phenolic  acids.  Evidence 
obtained  in  our  laboratories  indicates 
that  the  phenolic  acids  of  corn  are 
not  free  but  in  the  form  of  esters  or 
glycosides ;  but  identification  of  the 
phenolic  acids  released  from  these 
compound  by  treatment  with  acids 
or  bases,  while  it  does  not  identify 
the  naturally  occurring  substances, 
may  be  of  some  use  in  determining 
the  products  of  enzymic  action  such 
as  might  be  found  in  areas  of  patho¬ 
gen  growth  in  a  tissue  or  in  decom¬ 
position  of  plant  residues.  However, 
caution  must  be  used  in  relating  the 
phenolic  acids  to  biological  effects 
until  it  has  been  established  that  they 
are  indeed  produced  by  such  actions. 
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Abstract.  —  This  survey  of  woody  veg¬ 
etation  of  a  ten  acres  woodlot,  represents 
the  first  in  a  series  of  studies  to  deter¬ 
mine  long  term  vegetational  succession. 
Thirty-four  woody  species  are  present  on 
the  site  with  white  ash  being  the  lead¬ 
ing  dominant.  Slippery  elm,  shagbark 
hickory,  hackberry  and  black  walnut  fol¬ 
lowed  in  order  of  Importance  Value  In¬ 
dex.  The  number  of  dead  elms  and  liv¬ 
ing  elms  indicate  that  this  site  was  once 
predominantly  an  elm  forest.  The  site 
contains  three  well-defined  areas:  a 
heavily  moved  section  which  slopes  grad¬ 
ually  to  Sycamore  Creek,  a  somewhat 
less  disturbed  and  moist  area  which 
slopes  to  a  second  loop  of  the  creek,  and 
a  partially  disturbed  higher  and  drier 
section.  The  first  area  contains  a  few 
scattered  relatively  large  specimens  of 
shagbark  hickory,  black  walnut,  and  sev¬ 
eral  others.  An  abundance  of  shagbark 
hickory,  hackberry,  white  ash,  young 
elms  and  black  walnut  are  present  in 
the  second  area,  while  shagbark  hickory, 
white  ash  and  mockernut  hickory  pre¬ 
dominate  in  the  third. 

Burgner  Acres,  a  ten-acre  woodlot 
located  in  east  central  Illinois,  was 
donated  to  Eastern  Illinois  Univer¬ 
sity  in  January  1955,  by  Helen 
Burgner  Douglas  and  has  been  main¬ 
tained  undisturbed,  except  for  a  foot¬ 
path,  since  that  time.  Six  permanent 
plots  were  established  not  long  after 
the  property  was  acquired  (Hender¬ 
son  and  Damann,  1966),  and  in  1962 
an  ecology  class  ran  several  line 
transects.  This  present  study  is  a 
complete  survey  of  the  woody  vege¬ 
tation  that  will  make  possible  ac¬ 
curate  comparisons  and  will  allow  an 


analysis  of  even  the  less  important 
tree  species. 

Description  of  the  Woodlot 

Burgner  Acres  is  located  in  the  center 
of  Coles  County  about  eight  miles  north¬ 
west  of  Charleston.  The  topography  is 
gently  rolling  with  a  maximum  differ¬ 
ence  of  about  25  feet  and  the  area  is 
relatively  well  drained.  Prior  to  its  ac¬ 
quisition  by  Eastern  Illinois  University 
much  of  the  northern  portion  was  mowed 
frequently  and  the  remainder  was  dis¬ 
turbed  by  various  degrees  of  cutting.  The 
woodlot  contains  three  well-defined  areas 
(Henderson  and  Damann,  1966):  a 
heavily  mowed  area  (A)  which  slopes 
gradually  to  Sycamore  Creek,  a  some¬ 
what  less  disturbed  and  moist  area  (B) 
which  slopes  to  a  second  loop  of  the 
creek,  and  a  partially  disturbed  higher 
and  drier  area  (C). 


Method  of  Study 

The  entire  woodlot  was  staked  off  into 
50  foot  square  quadrats  and  the  number, 
size  and  species  of  trees  above  four  inch¬ 
es  d.b.h.  were  recorded  for  each.  Dead¬ 
standing  and  dead-downed  trees  were 
measured  and  identified  when  possible. 
Relative  density,  relative  dominance 
(basal  area),  relative  frequency  (num¬ 
ber  of  plots  of  occurence)  and  impor¬ 
tance  value  (sum  of  relative  density, 
relative  dominance  and  relative  frequen¬ 
cy)  was  then  calculated  from  the  actual 
data  to  provide  a  better  basis  of  com¬ 
parison  of  the  various  species.  These 
values  were  calculated  not  only  for  the 
entire  woods  but  for  each  of  the  three 
areas  outlined  in  the  description  of  the 
woodlot.  The  terminology  used  is  a  modi¬ 
fication  of  the  procedures  used  by  Curtis 
and  McIntosh  (1951). 
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One  set  of  nested,  circular  quadrates 
1/100  and  1/1,000  of  an  acre  in  size,  were 
randomly  located  in  each  50  foot  square 
quadrat.  The  saplings  (1-4  inches  d.b.h.) 
were  tallied  on  the  larger  and  seedlings 
on  the  smaller  quadrats.  These  seedlings 
were  separated  into  those  under  one  foot 
in  height,  and  those  over  one  foot  in 
height  but  less  than  one  inch  d.b.h. 

Results  and  Discussion 

A  total  of  thirty-four  species  were 
encountered  on  the  woodlot,  eight  of 
which  were  understory  trees  or 
shrubs.  These  species,  along*  with 
their  density  and  frequency  by  size 
classes,  are  shown  in  Table  1.  The 
twelve  leading  species  encountered, 
with  their  relative  values,  average 
diameters  and  number  of  individ¬ 
uals  per  acre  in  broad  diameter 
classes,  are  included  in  Table  2.  The 
nomenclature  of  the  species  found  in 
the  woodlot  follows  that  of  Jones 
(1963). 

Of  the  arborescent  species  found 
in  Burgner  Acres,  white  ash  has  the 
highest  Importance  Value;  however, 
it  ranks  second  to  slippery  elm  in 
relative  frequency  and  relative  den¬ 
sity.  Many  of  the  white  ash  trees  are 
larger  than  elm,  but  the  latter  is  more 
evenly  distributed  and  more  abun¬ 
dant  throughout  the  woodlot.  Slip¬ 
pery  elm  exceeds  white  ash  in  the 
number  of  trees  present  in  the  4-6 
inch  class,  and  if  the  living  and  dead 
elm  values  are  summed,  it  becomes 
readily  apparent  that  this  species 
was  once  the  most  important  one 
present.  All  of  the  larger  elm  trees 
were  killed  by  Dutch  Elm  disease 
and  phloem  necrosis  and  some  of  the 
small  individuals  are  also  dead  or 
dying. 

Sliagbark  hickory  ranks  third  in 
Importance  Value  because  of  its  high 
relative  dominance.  This  species 


ranks  highest  in  the  7-12  diameter 
class  and  second  in  the  13-24  class. 
Both  hackberry  and  red  haw  have 
higher  relative  frequencies  and  rela¬ 
tive  densities,  but  the  large  number 
of  small  individuals  of  these  two  spe¬ 
cies  accounts  for  their  somewhat 
lower  Importance  Values.  Black  wal¬ 
nut,  which  ranks  fifth  in  Importance 
Value,  shows  a  pattern  similar  to 
that  of  sliagbark  hickory.  There  are 
several  explanations  for  the  relative 
lack  of  intermediate-sized  individuals 
of  these  two  species.  Perhaps  hack- 
berry  and  red  haw  were  able  to  re¬ 
produce  and  survive  better  during 
and  immediately  after  the  period  of 
disturbance,  and/or  perhaps  shag- 
bark  hickory  and  walnut  were  lum¬ 
bered  except  for  some  larger  trees 
left  for  nut  production.  The  abun¬ 
dance  of  red  haw  throughout  the 
woods  indicates  the  lack  of  under- 
story  species  and  the  relative  open¬ 
ness  of  the  woods.  As  other  species 
reproduce,  perhaps  this  species  will 
become  less  important. 

The  importance  of  white  oak  and 
mockernut  hickory  is  chiefly  due  to 
the  large  size  of  individual  trees. 
Again,  this  is  probably  due  to  lack 
of  reproduction  during  the  period  of 
disturbance  and/or  to  selective  cut¬ 
ting.  Red  mulberry  is  more  abun¬ 
dant  than  either  of  these  two  but 
ranks  tenth  because  of  its  very  low 
dominance  value. 

The  large  number  of  dead  elms  is 
an  important  feature  of  the  woodlot. 
In  Table  1,  only  the  dead-standing 
elms  were  listed.  The  dead-downed 
trees  were  not  included  because  ac¬ 
curate  identification  was  not  always 

•  •  * 
possible.  When  the  living  elms  are 

totaled  with  the  dead-standing  elms, 
it  becomes  evident  that  at  one  time 


Table  1.  —  Density  Per  Acre  and  Frequency  of  Woody  Species  by  Height  or  Diameter  Class.  The  species  symbol  will  be 
used  to  identify  species  in  subsequent  tables  and  figures. 
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Table  2.  —  Diameter  Classes,  Average  Diameter,  Relative  Values  and  Impor¬ 
tance  Value  for  Leading  Dominants. 


Number  of  Trees  Per  Acre  by 

Diameter  Class 

Av. 

Rel. 

Rel. 

Rel. 

4-6 

7-12 

13-24 

25  + 

Total 

D  i  a  m . 

Freq. 

Den. 

Dom. 

I.V. 

WA . 

14.2 

4.3 

3.4 

.5 

22.4 

10.1 

12.3 

15.6 

15.3 

43.2 

SE . 

22.3 

1.5 

23.8 

5.0 

14.8 

16.6 

4.1 

35.5 

SH . 

2.8 

7.2 

4.1 

.i 

14.2 

11.6 

8.9 

9.9 

13.2 

32.0 

H . 

13.7 

2.6 

.6 

.1 

17.0 

6.8 

10.9 

11.9 

5.5 

28.3 

BW . 

2.0 

1.5 

5.4 

.4 

9.3 

14.5 

8.2 

6.4 

13.3 

27.9 

E . 

3.3 

3.0 

3.4 

.4 

10.1 

13.5 

7.1 

7.0 

12.6 

26.7 

RH . 

14.0 

2.1 

.5 

16.6 

5.8 

10. 1 

11.5 

3.8 

25.4 

WO . 

.1 

.1 

1.4 

1.4 

3.0 

23.9 

3.5 

2.1 

11.9 

17.5 

MH . 

1 .4 

2.9 

4.3 

14.8 

4. 1 

3.0 

6.5 

13.6 

RM . 

4.2 

.2 

4.4 

5.0 

5.0 

3.1 

.8 

8.9 

BH . 

.9 

1.3 

.7 

2.9 

11.1 

2.7 

2.0 

2.5 

7.2 

BO . 

.5 

.2 

.4 

.1 

1.2 

14.7 

1.5 

.9 

1.9 

4.3 

Others . 

9.6 

3.2 

1.3 

.3 

14.4 

9.4 

10.9 

10.0 

8.6 

29.5 

Totals . 

87.6 

28.6 

24.1 

3.3 

143.6 

100.0 

100.0 

100.0 

300.0 

Burgner  Acres  was  predominantly 
an  elm  forest.  The  dead  elms  show 
a  basal  area  of  14.8  square  feet 
per  acre  and  a  density  of  15.1  trees 
per  acre,  while  the  totals  for  living 
and  dead  elms  are  18.0  square  feet 
per  acre  and  39.0  trees  per  acre.  A 
few  hickory,  oak,  sycamore,  and 
white  ash  logs  were  also  found. 

Many  saplings  and  seedlings  of 
ash,  elm  and  hackberry  were  found 
throughout  the  woods  along  with  rel¬ 
atively  large  numbers  of  shagbark 
hickory,  red  haw,  mulberry  and 
black  cherry.  Bitternut  hickory  and 
red  bud  were  reproducing  quite 
abundantly  in  areas  B  and  C,  and 
young  sugar  maples  predominated 
in  parts  of  area  C.  All  species  ex¬ 
cept  sugar  maple  are  rather  shade- 
intolerant  and  will  decrease  in  im¬ 
portance  as  the  canopy  becomes  more 
dense. 


Many  shrubs  were  common 
throughout  the  woods.  Indian  cur¬ 
rent  ( Symphoricarpos  orbiculatus) 
was  found  in  nearly  every  plot  and 
is  by  far  the  most  abundant  of  the 
shrubby  species.  Elderberry  ( Sam - 
b iicus  canadensis) ,  poison  ivy  ( Rhus 
radicans)  and  blackberry  ( Rubus 
spy.)  are  fairly  common  in  the  most 
disturbed  area  (A)  while  many  spec¬ 
imens  of  burning  bush  ( Euonymus 
atropurpureus )  are  found  in  the 
plots  along  Sycamore  Creek. 

The  herbaceous  plants  were  not 
included  in  this  study,  but  spring 
herbs  are  abundant  throughout  the 
woods  both  in  number  of  species  and 
number  of  individuals.  Bloodroot 
( Sanguinaria  canadensis ),  Dutch¬ 
man's  breeches  (Bicentra  cucul- 
laria) ,  spring  beauty  (Claytonia  vir- 
ginica),  water-leaf  ( Hydrophyllum 
spp.),  trout  lily  ( Erythronium  al- 
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bidum),  and  purple  trillium  ( Tril¬ 
lium  recurvatum)  are  among  the 
abundant,  conspicuous  species.  Trout 
lily  is  present  in  especially  large 
numbers  in  the  third  area  described 
above  while  bluebells  ( Mertensia  vir- 
ginica)  are  fairly  common  along  the 
second  loop  of  Sycamore  Creek. 

If  the  data  are  calculated  separate¬ 
ly  for  each  area  mentioned  in  the 
description  of  the  woodlot,  distinct 
differences  can  be  seen  (Table  3). 
In  this  table  the  relative  values, 
average  diameters  and  the  number 
of  trees  per  acre  by  diameter  class 
are  listed  for  the  12  spceies  with  the 
highest  Importance  Value  for  the 
entire  woodlot.  Also  the  Importance 
Values  of  the  12  most  important  spe¬ 
cies  in  the  three  areas  are  presented 
in  Figure  1 .  In  this  figure  the  areas 
are  compared  with  each  other  and 
with  the  entire  woodlot. 

The  order  of  importance  of  some 
species  is  quite  different  in  the  three 
areas.  In  area  A  (2.4  acres)  which 
is  the  most  disturbed,  hackberry  is 
the  most  important  species.  Almost 
all  trees  of  this  species  are  in  the 
4-6  inch  diameter  class.  Many  wal¬ 
nut  trees  are  present  in  this  area, 
and  dead  elms  slightly  exceed  liv¬ 
ing  elms  in  importance.  White  ash 
ranks  eighth  in  this  area  while  it 
ranks  first  for  the  entire  woodlot, 
and  shagbark  hickory  also  ranks 
lower  here  than  for  the  entire  wood¬ 
land. 

In  area  B  (3.8  acres),  drainage  is 
better,  and  white  ash  becomes  most 
important  while  hackberry  drops  to 
sixth  and  black  walnut  to  seventh  in 
importance.  Shagbark  hickory,  a  dry 
area  species,  becomes  second  in  im¬ 
portance  while  slippery  elm  ranks 
third  and  is  represented  by  numer¬ 


ous  individuals  in  the  4-6  inch  di¬ 
ameter  class. 

White  ash  is  again  the  most  im¬ 
portant  species  in  the  third  and  dri¬ 
est  area  (2.4  acres).  However, 
mockernut  hickory,  a  species  not 
found  in  area  A  and  tenth  in  im¬ 
portance  in  area  B,  ranks  second 
here,  and  white  oak  ranks  fifth  in¬ 
stead  of  eighth  or  lower.  These  two 
species  indicate  the  drier,  upland  na¬ 
ture  of  this  portion  of  the  woods. 
On  one  portion  of  the  slope  to  Syca- 


Figure  1.  —  Comparison  of  tlie  Impor¬ 
tance  Values  of  the  leading  dominants 
in  the  entire  woodlot  and  in  the  three 
areas. 
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Table  3.  —  Diameter  Classes,  Average  Diameter,  Relative  Values  and  Impor¬ 
tance  Value  of  the  leading  dominants  in  the  three  areas. 


Number  of  Trees  Per  Acre  by 
Diameter  Class 


Species 

4-6 

7-12 

13-24 

25  + 

Total 

Av. 

Diam. 

Rel. 

Freq. 

Rel. 

Den. 

Rel. 

Dom. 

I.V. 

WA . 

4.6 

.4 

.4 

5.4 

6.1 

6.3 

5.1 

1.8 

13.2 

SE . 

12.9 

1.3 

14.2 

4.9 

16.0 

13.2 

2.9 

32.1 

SH . 

.4 

.8 

1.7 

.4 

3.3 

18.3 

3.5 

3.1 

9.7 

16.3 

H . 

22.5 

2.5 

.4 

25.4 

6.5 

18.1 

23.7 

9.4 

51.2 

BW . 

2.5 

2.5 

7.1 

.4 

12.5 

14.2 

12.5 

11.7 

22.1 

46.3 

Area 

E . 

1.2 

3.3 

3.3 

.4 

8.2 

16.1 

6.3 

7.8 

18.8 

32.9 

RH . 

6.2 

4.6 

1.3 

12.1 

8.2 

10.4 

11.3 

7. 1 

28.8 

A 

WO . 

1.3 

.4 

1.7 

24.4 

2.1 

1.6 

8.7 

12.4 

MH . 

RM . 

5.0 

.4 

5.4 

4.8 

7.6 

5.1 

1.1 

13.8 

BH . 

BO.  . 

.8 

.8 

4.3 

1.4 

.8 

.  1 

2.3 

Others . 

14.2 

1.3 

1.7 

.8 

18.0 

10.8 

16.0 

16.7 

18.3 

51.0 

Total.... 

70.3 

17.1 

16.8 

2.8 

107.0 

WA . 

10.8 

6.1 

5.8 

1.1 

23.8 

12.5 

12.6 

14.2 

22.6 

49.4 

SE . 

30.8 

1.8 

32.6 

5.0 

15.6 

19.6 

5.0 

40.2 

SH . 

4.7 

10.8 

6.1 

21.6 

11.1 

11.7 

13.0 

16.2 

40.9 

H.  .  .  . 

12.9 

3.2 

.5 

16.6 

6.7 

10.5 

10.0 

4.5 

25.0 

BW . 

2.6 

1.6 

5.0 

.3 

9.5 

13.7 

7.5 

5.7 

10.8 

24.0 

Area 

E . 

4.5 

3.2 

4.2 

.3 

12.2 

12.7 

7.2 

7.3 

11.8 

26.3 

RH . 

20.5 

1.3 

.3 

22.1 

5.0 

9.3 

13.3 

3.4 

26.0 

B 

WO . 

.3 

.3 

1.1 

1.6 

3.3 

23.0 

3.0 

1.9 

10.2 

15.1 

MH . 

1.3 

1.8 

3.1 

13.9 

3.3 

1.9 

4.0 

9.2 

RM . 

5.8 

.3 

6.1 

5.1 

6.0 

3.6 

1.0 

10.6 

BH . 

1.8 

.5 

.8 

3.1 

10.7 

2.7 

1.9 

2.2 

6.8 

BO . 

.5 

.3 

.3 

1.1 

15.3 

.9 

.6 

1.5 

3.0 

Others . 

6.8 

4.0 

.8 

.3 

11.9 

9.6 

9.6 

7.1 

6.7 

23.4 

Total .... 

102.0 

34.7 

26.4 

3.9 

167.0 

WA . 

29.2 

5.4 

2.5 

37.1 

7.1 

16.3 

26.0 

12.8 

55.1 

SE . 

18.3 

1.3 

19.6 

4.9 

12.5 

13.7 

3.2 

29.5 

SH . 

2.1 

7.9 

3.3 

13.3 

10.7 

8.2 

9.4 

10.4 

28.0 

H . 

6.3 

1.7 

1.3 

9.3 

8.1 

6.0 

6.4 

4.1 

16.5 

BW . 

.4 

.4 

4.2 

.4 

5.4 

17.3 

6.0 

3.8 

11.0 

20.8 

Area 

E . 

3.8 

2.5 

2.1 

.4 

8.8 

12.3 

7.6 

6.1 

9.1 

22.8 

RH . 

11.3 

.8 

12.1 

4.9 

11.4 

8.5 

2.0 

21.9 

c 

WO . 

2.1 

2.1 

4.2 

24.8 

5.4 

3.0 

17.5 

25.9 

MH . 

2.9 

7.5 

10.4 

14.9 

8.7 

7.3 

15.8 

31.8 

RM . 

.8 

.8 

4.5 

1.1 

.6 

.1 

1.8 

BH.. .  . 

.4 

3.8 

1.3 

5.5 

11.5 

4.9 

3.8 

+5 

13.6 

BO.  . 

.4 

.4 

1.3 

2.1 

16.7 

2.7 

1.5 

3.9 

8.1 

Others . 

9.2 

3.8 

1.3 

14.3 

7.4 

9.2 

9.9 

5.2 

24.3 

Total .... 

82.2 

30.9 

26.9 

2.9 

142.9 

Burgner  Acres 


79 


more  Creek,  large  numbers  of  seed¬ 
lings  and  sapling's  of  sugar  maple 
are  present.  If  these  individuals 
reach  reproductive  size,  the  third 
area  (and  possbily  more)  will  prob¬ 
ably  become  dominated  by  this  spe¬ 
cies. 

The  amount  of  understory  in  area 
A  indicates  that  rapid  reforestation 
of  the  mowed  area  is  taking  place. 
Some  generalizations  have  already 
been  made  concerning  differences  in 
drainage  pattern  and  the  resulting 
differences  in  importance  of  species. 
Some  differences  between  areas  will 
no  doubt  be  maintained,  but  the  up¬ 
land  portions  of  areas  B  and  C  will 
probably  become  similar. 

The  authors  hope  that  complete 
surveys  will  be  conducted  every  five 
years  and  the  data  recorded  along 
with  some  environmental  data  of  in¬ 
tervening  years.  Positive  statements 
could  then  be  made  concerning  the 
direction  of  change  in  the  vegetation 
and  perhaps  this  information  could 


be  projected  to  other  woods  in  sim¬ 
ilar  locations.  Information  recorded 
over  a  period  of  years  might  be  ap¬ 
plied  at  some  future  time,  not  only 
to  our  purely  scientific  understand¬ 
ing  of  vegetational  dynamics,  but 
also  to  reclamation  of  land  in  this 
part  of  the  state  for  recreational 
purposes. 
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THE  INFLUENCE  OF  CERTAIN  PHENOLS  UPON  THE 
GROWTH  OF  EIGHT  PHYSIOLOGIC  RACES  OF 
PHYTOPHTHORA  FRAGARIAE  HICKMAN 


H.  S.  GILL  and  DWIGHT  POWELL 

Department  of  Plant  Pathology ,  University  of  Illinois,  Urhana 


Abstract. — The  effect  of  nine  phenols, 
caffeic  acid,  D-catecliin,  catechol,  cliloro- 
genic  acid,  cinnamic  acid,  p-cresol,  gal¬ 
lic  acid,  protocatechnic  acid,  and  tannic 
acid  upon  the  growth  of  8  races  (A-l  to 
A-8)  of  P.  fragariae  was  studied.  Chloro- 
genic  acid,  slightly  stimulated  the 
growth  of  races  A-4  and  A-5.  Growth 
of  races  A-6  and  A-7  was  slightly  en¬ 
hanced  by  protocatecliuic  acid,  which  in¬ 
hibited  growth  of  the  other  races.  Races 
A-5,  A-6  and  A-8  produced  the  maximum 
amount  of  mycelium  when  grown  in  me¬ 
dia  containing  gallic  acid,  catechol,  and 
protocatecliuic  acid,  respectively.  Fur¬ 
ther,  for  reasons  not  presently  known, 
the  p-cresol-medium  became  pink  during 
the  growth  of  races  A-2,  A-4,  A-6  and  A-7. 
With  the  other  races  the  same  medium 
remained  almost  colorless.  The  medium 
decreased  from  the  adjusted  pH  6.5  to 
4.5  depending  upon  the  race  and  phenol 
involved. 

Several  workers  liave  implicated 
phenols  either  directly  or  indirectly 
as  possible  causes  of  disease  resist¬ 
ance  (Allen,  1959).  Jarvis  (1956) 
in  a  preliminary  study  on  the  me¬ 
chanism  of  resistance  of  strawberry 
cultivars  to  P.  fragariae ,  isolated  a 
melanic  pigment  from  diseased 
strawberry  roots  but  was  unable  to 
isolate  it  from  either  resistant  or 
immune  varieties.  He  suspected  that 
a  change  in  the  polyphenol  meta¬ 
bolism  was  a  factor  in  disease  resist¬ 
ance. 

In  view  of  this  information  the 
authors  wondered  if  the  effect  of 
phenols  on  the  growth  of  different 


races  of  P.  fragariae  would  be  sig¬ 
nificantly  distinct  enough  between 
races  to  supply  a  means  of  in  vitro 
differentiation  of  them. 

Differentiation  of  fungi  in  vitro 
has  been  of  growing  interest.  David¬ 
son  et  al.  (1938)  divided  210  species 
of  wood-decaying  fungi  (growth  in 
the  presence  of  gallic  and  tannic 
acids)  into  ten  growth  and  color  re¬ 
action  groups.  Levisohn  (1959)  re¬ 
ported  on  the  in  vitro  means  of  sep¬ 
arating  strains  of  root-infecting  fun¬ 
gus  Boletus  seaber.  Jarvis  (1961) 
studied  the  effect  of  phenols  on  the 
growth  of  7  isolates  representing  3 
races  of  P.  fragariae.  Gill  and 
Powell  (1966)  showed  that  the 
growth  characteristics  of  races  A-l 
and  A-3  of  P.  fragariae  were  dis¬ 
tinct  from  each  other  and  also  from 
A-2  and  A-4  when  grown  on  agar 
made  from  frozen  lima-beans.  Fur¬ 
ther  distinguishing  characteristics  of 
these  races  have  also  been  shown  by 
determining  their  C  and  N  require¬ 
ments  (Gill  and  Powell,  1965). 

Materials  and  Methods 

Subcultures  of  the  eight  races  were  ob¬ 
tained  from  R.  H.  Converse,  U.S.D.A.  as 
follows:  A-l  (BDC3  SS-1);  A-2  (104a 
SS-1) ;  A-3  (11374  SS-1);  A-4  (93  SS-1); 
A-5  (9);  A-6  (31  SS-1);  A-7  (W-6-2); 
A-8  (W-44-1).  Converse  and  Scott 

(1962),  and  Converse  (1966)  have  sub- 
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stantiated  the  fact  that  these  are  valid 
races.  Stock  cultures  were  maintained 
on  an  agar  medium  made  of  frozen  lima- 
beans  (Gill  and  Powell,  1966)  and  sub¬ 
cultured  at  intervals  of  approximately 
14  days. 

The  races  were  grown  in  a  basal  medi¬ 
um  as  follows:  sucrose,  5.0  g;  KH2P04, 
0.5  g;  MgSo4.7H20;  0.25  g;  vitamin-free 
casein  hydrolysate  (acid)  10%  solution 
(obtained  from  N.B.Co.,  Cleveland, 
Ohio),  2.5  ml;  CaCl2,  30.0  mg;  thiamine 
hydrochloride,  100  ppm;  microelement 
stock  solution,  1.0  ml;  distilled-deionized 
water  to  make  1  liter.  The  microelement 
stock  solution  consisted  of  FeCl3.6H20, 
2.0  mg;  ZnSO4.7H20,  1.6  mg;  CuSo4.5H20, 
0.4  mg;  MnSO4.H20,  0.2  mg;  Mo03.  0.14 
mg;  distilled-deionized  water  to  make 
100  ml  of  solution. 

Nine  phenols  (Table  1  and  Fig.  1) 
were  added  singly  at  the  rate  of  0.001  M 
to  the  basal  medium.  The  media  were 
adjusted  to  pH  6.5  with  either  NaOH  or 
HC1.  It  was  determined  again  after 
autoclaving  at  15  lbs  psi  for  20  min,  and 
at  the  end  of  the  growth  period. 

Erlenmyer  flasks  containing  50  ml  of 
medium  were  inoculated  with  5  mm  agar 
disks  taken  from  the  margin  of  actively 
growing  cultures  and  maintained  as  still 
cultures  at  20°  C  for  25  days.  After  this 
period  the  mycelial  mat  from  each  flask 
was  filtered  off  using  Whatman’s  No.  42 
filter  paper,  rinsed  2  to  3  times  with 
distilled  water  to  remove  residual  con¬ 
taminants,  dried  to  a  constant  weight  at 
80°  C,  cooled  in  a  dessicator  over  CaCl2, 
and  weighed.  Six  replications  were  used 
for  each  treatment. 

Results  and  Discussion 

The  effects  of  the  phenols  on 
growth  are  shown  in  Table  1  and 
Figure  1.  In  general,  they  were  in¬ 
hibitory  but  some  appeared  to  stimu¬ 
late  the  growth  of  certain  races.  The 
most  inhibitory  were  caffeic  acid, 
catechol,  cinnamic  acid,  and  tannic 
acid.  Chlorogenic  and  protocate- 
chuic  acids  were  the  only  ones  to 
give  stimulation  to  some  races.  These 
results  are  similar  to  the  findings  of 
other  workers  (Christie,  1965;  Jar¬ 
vis,  1957  and  1958 ;  Le  Tourneau  et 
al.,  1957).  Jarvis  (1961)  found  dif¬ 
ferent  growth  responses  of  seven  iso¬ 


lates  representing  three  races  of  P. 
fragariae  to  certain  polyphenols.  He 
reported  that  gallic  acid,  protocate- 
chuic  acid,  chlorogenic  acid,  D-cate- 
chin,  and  DL-tyrosine  at  0.001  M  in- 
creased  growth.  Growth  was  inhib¬ 
ited  by  cinnamic  acid,  pyrocatechol, 
and  p-cresol.  Christie  (1965)  cor¬ 
related  the  toxicity  of  phenolic  com¬ 
pounds  with  their  molecular  struc¬ 
tures  on  the  growth  of  P.  cactorum 
(Lab.  and  Cohn)  Schroet.  and  P. 
parasitica  Hast.  He  pointed  out  that 
phenols  were  more  toxic  with  the  OH 
group  in  the  ortho  rather  than  para 
position. 

While  there  was  some  stimulation 
to  growth  of  races  A-4  and  A-5  by 
chlorogenic  acid  and  to  A-6  and  A-7 
by  protocatechuic  acid,  the  differ¬ 
ences  from  the  controls  were  not  con¬ 
sidered  significant.  There  appears 
to  be  no  conclusive  reasons  as  to  why 
certain  phenols  are  toxic  to  the 


acid  acid  acid 


p  CRESOL  GALLIC  PROTOCATECHUIC  TANNIC  BASAL  MEDIUM 

ACID  ACID  ACID 


Figure  1.  —  Dry  weight  of  the  myceli¬ 
um  in  mg  after  25  days  incubation  at  20 
C  of  eight  races  (A-l  to  A-8)  of  P.  fra¬ 
gariae  in  the  presence  of  various  phenols 
added  to  the  basal  medium. 


Table  1.  —  Dry  wt.  of  the  Mycelium  in  mg  of  the  races  of  P.  fragariae  in  Basal  Medium  Incorporated  with  Various  Poly¬ 
phenols  Separately  and  the  Relative  pH  of  the  Media  After  Autoclaving;  also  After  (in  Parentheses)  Growth  Period  of  25 
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growth  of  fungi  while  others  are 
stimulatory. 

Autoclaving  did  not  affect  the  pH 
of  the  media,  except  when  tannic  acid 
was  used  but  following  growth  a 
number  of  the  phenolic  media  had 
dropped  to  pH  4.5.  (Table  1). 
There  was  no  correlation  between  the 
mycelium  production  and  post- 
growth  pH. 

A  significant  observation  involved 
a  change  in  color  of  the  p-cresol 
medium  during  incubation.  Races 
A-2,  A-4,  A-6  and  A-7  caused  a 
change  in  this  medium  from  color¬ 
less  to  pink  to  cherry  pink.  The 
same  medium  remained  almost  color¬ 
less  with  A-l,  A-3,  A-5  and  A-8.  In 
the  pink -colored  media  the  pH 
ranged  from  5.0  to  5.5  for  the  dif¬ 
ferent  races.  In  the  colorless  medium 
the  pH  ranged  from  4.4  to  5.0  in  the 
respective  races.  There  is  no  ex¬ 
planation  for  this  phenomenon  at 
this  time. 
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NEWS  AND  COMMENTS 


Don ’t  forget !  The  next  Annual 
Meeting  of  the  Illinois  State  Acad¬ 
emy  of  Science  will  be  held  April  27, 
28,  and  29  at  Eastern  Illinois  Uni¬ 
versity  in  Charleston. 

Our  Treasurer,  William  C.  Ashby, 
tells  me  that  cards  showing  member¬ 
ship  in  the  Academy  are  available 
to  those  who  want  such.  Write  to 
Professor  Ashby  (Botany  Depart¬ 
ment,  Southern  Illinois  University, 
Carbondale,  Illinois  62901),  or  see 
him  at  the  Annual  Meeting  if  you 
want  one.  There  will  not  be  a  gen¬ 
eral  distribution  of  the  cards  to  the 
members  at  this  time.  The  cost  of 
labor  to  prepare  all  the  cards  dis¬ 
courages  such  an  action.  An  over¬ 
whelming  demand  or  a  lack  of 
interest  will  dictate  future  policy 
concerning  distribution  of  the  cards. 

This  issue  will  stand  as  a  monu¬ 
ment  commemorating  my  high¬ 
handed  treatment  of  the  Editorial 
Board  of  our  Transactions.  I  got 
caught  in  that  familiar  bind  of 
‘‘other  work.’'  As  a  result,  for  a 
few  of  the  papers  I  bypassed  the 
Editorial  Board  in  favor  of  a  special¬ 
ist  or  demanded  that  members  of  the 
Board  judge  a  paper  in  haste.  These 
comments  apply  only  to  published 
papers. 

As  you  will  note  by  reading  the 
inner  side  of  the  front  cover,  ab¬ 
stracts  of  articles  in  the  Transactions 
are  published  by  at  least  three  serv¬ 


ices.  There  may  be  publication  of  ab¬ 
stracts  of  articles  other  than  those  in 
the  biological,  chemical,  and  geologi¬ 
cal  fields  that  I  do  not  know  about. 
In  any  event,  one  author  informs  me 
that  he  has  received  “innumerable” 
requests  for  reprints  that  could  be 
attributed  to  “abstract  reading.” 
Abstracts  are  here  to  stay  in  our 
busy  world  and  people  do  read  them. 
I  hope  this  is  one  more  piece  of  evi¬ 
dence  to  refute  the  idea  that  publish¬ 
ing  in  the  Transactions  is  tanta¬ 
mount  to  eternal  burial. 

Several  of  the  papers  in  this  is¬ 
sue  are  devoted  to  “techniques  and 
methods,  ’  ’  and  methods  of  construct¬ 
ing  equipment.  Such  papers  are  ap¬ 
preciated  by  students,  teachers,  and 
researchers  for  a  variety  of  reasons. 
Certainly  one  reason  is  economy.  The 
Academy  has  devoted  a  lot  of  time  to 
the  subject  of  improving  the  quality 
of  our  high  school  students.  Unfor¬ 
tunately,  we  cannot  do  a  lot  about  a 
high  school  teacher’s  teaching  budg¬ 
et  except  by  publishing  articles  that 
can  help  them  build  equipment.  The 
same  goes  for  some  of  our  institu¬ 
tions  of  higher  learning.  I  would 
say  more  on  this  subject,  but  I  don’t 
want  to  extend  my  comments  beyond 
this  page. 

Again  it  is  time  to  call  the  atten¬ 
tion  of  prospective  authors  to  the 
eas}"  way  to  type  manuscripts  for  the 
Transactions.  Look  on  the  next  page. 
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INEXPENSIVE  CHEMICAL  INSTRUMENTION : 
A  STUDENT  POTENTIOMETER 


R.  E.  VAN  ATTA,  VICTOR  J.  LINNENBOM,  JR.  AND  DAVID  M.  COLEMAN 

Southern  Illinois  University ,  Carhondale 


Abstract.  —  Instructions  for  construc¬ 
tion  of  an  inexpensive  student  potentio¬ 
meter,  accurate  to  ±1  millivolt,  are  pre¬ 
sented.  This  simple,  compact,  and  sturdy 
instrument  is  well-suited  to  student  use 
for  all  types  of  potentiometric  measure¬ 
ments  in  high  school  or  university  chem¬ 
istry  or  physics  laboratories.  It  can  be 
constructed  readily  from  commercially 
available  components  by  a  high  school 
student  having  only  a  rudimentary  back¬ 
ground  in  fundamental  electrical  theory. 


Modern  instruction  in  chemistry,  even 
at  the  elementary  level,  requires  the  ap¬ 
plication  of  instrumental  measurement 
techniques  in  order  to  illustrate  theore¬ 
tical  discussions  of  such  topics  as  elec¬ 
trochemistry,  electrodeposition,  coulo- 
metry,  potentiometry  and  potentiometric 
titrations,  polarography,  etc.  Unfortun¬ 
ately,  most  commercially  available  in¬ 
struments  for  elementary  use  are  rela¬ 
tively  expensive — often  prohibitively  so 
for  high  schools  and  small  colleges,  as 
well  as  too  sophisticated  for  the  rela¬ 
tive  beginner  to  understand.  It  is  the 
purpose  of  this  and  subsequent  articles 
to  present  component  price  lists  and 
sources,  constructional  details,  and  per¬ 
formance  data  for  instruments  designed 
to  meet  three  requirements:  (1)  low 
unit  cost,  in  order  that  high  schools  and 
colleges  might  possess  such  instruments 
in  relatively  large  numbers,  if  desired; 
(2)  high-level  performance  characteris¬ 
tics,  consistent  with  cost  of  readily  avail¬ 
able  commercial  components;  and  (3) 
relative  ease  and  simplicity  of  construc¬ 
tion,  so  that  high  school  or  college  stu¬ 
dents  of  limited  theoretical  and  practical 
electrical  background  might  construct 
the  instruments  as  a  part  of  their  profes¬ 


sional  training.  Each  of  the  instruments 
described  in  this  and  subsequent  articles 
has  been  constructed  by  a  high  school 
junior  as  a  part  of  his  work  in  connec¬ 
tion  with  participation  in  a  National  Sci¬ 
ence  Foundation  sponsored  Summer  In¬ 
stitute  at  the  senior  author’s  institution. 

One  of  the  most  important  instru¬ 
ments  required  for  electrical  measure¬ 
ments  in  chemistry  or  physics  is  the 
student  potentiometer.  Because  of  the 
fundamental  nature  and  wide  variety  of 
its  applications,  this  instrument  was  se¬ 
lected  as  the  first  for  development  within 
the  requirements  previously  specified. 

Materials 

A  list  of  the  electrical  and  other  com¬ 
ponents  required  for  construction  of 
the  potentiometer  is  given  in  Table  1. 
The  prices  shown  are  those  for  single¬ 
item  purchase  at  price  levels  current  at 
the  time  of  writing;  quantity  purchase 
of  some  items  may  result  in  substantial 
reduction  of  total  contraction  costs.  Al¬ 
though  all  components  listed  were  ob¬ 
tained  from  Allied  Electronics  Corpora¬ 
tion,  100  North  Western  Avenue,  Chi¬ 
cago,  Illinois,  equivalent  components  are 
available  from  a  variety  of  other  com¬ 
mercial  electrical  and  electronic  supply 
houses. 

Commercial  equipment  employed  in 
testing  the  potentiometers  included  a 
Sargent  Wide-Range  four-volt  potentio¬ 
meter,  Serial  No.  905003,  Cat.  No.  S- 
30260,  a  Leeds  and  Northrup  Portable 
Potentiometer,  Serial  No.  776379,  Cat. 
No.  7655,  an  Eppley  unsaturated  cad¬ 
mium  standard  cell,  Sargent  Cat.  No. 
S-30385,  and  a  voltage  divider  assembled 
from  a  pair  of  1.35-volt  mercury  batter¬ 
ies  and  a  100-ohm  linear  taper  radiopo¬ 
tentiometer. 
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Table  1.  —  Potentiometer  Components 


Quantity 

Required 

Description 

^  Allied 
Electronics 
Stock  Number 

Price 

1 . 

MICROAMMETER,  50-0-50  microamperes  DC,  zero- 

center,  3^-inch,  Knight  Clearview . 

67  Z  306 

3  9.86 

1 . 

MICROPOT,  1000-ohm,  Amphenol-Borg  Model  215 IB, 

10-turn,  +0.25%  linearity . 

29  Z  512 

6.90 

1 . 

MICRODIAL,  Amphenol-Borg  Series  1320,  10-turn,  for 

Micropot . 

29  Z  696 

5.82 

1 . 

CABINET,  sloping-panel,  7-inch  aluminum,  Universal 

Type  AC-1613 . 

88  Z  649 

2.10 

2 . 

BATTERIES,  Mercury,  1.35-volt,  Mallory  Type  RM 

12R . 

55  Z  929 

2.10 

1 . 

SWITCH,  toggle,  DPDT,  Cutler-Hammer  Type  8363 K7. 

34  Z  503 

1.09 

1 . 

CONTROL,  Mallory  Type  U-2  Midgetrol,  500  ohms, 

linear  taper . 

29  Z  709 

1.02 

1 . 

CONTROL,  Mallory  Type  U-41  Midgetrol,  100K  ohms, 

linear  taper . 

29  Z  767 

1.02 

1 . 

SWITCH,  push-button,  SPST-N.O.,  Grayhill  Type  4001. 

34  Z  870 

0.90 

6 . 

JACKS,  banana,  H.  H.  Smith  Type  1509,  3  red,  3  black. . 

43  Z  941 

43  Z  942 

0.72 

1 . 

SWITCH,  toggle,  SPST,  Cutler-Hammer  Tvpe  8280K16. 

34  Z  500 

0.52 

1 . 

HOLDER,  batterv,  Keystone  Type  140 . 

55  Z  902 

0  38 

2 . 

KNOBS,  Harry  Davies  Type  1600 . 

44  Z  127 

0.28 

MISCELLANEOUS  (hook-up  wire,  screws,  etc.),  est. .  . 

0.20 

Total . 

332.91 

Construction  tools  required  include 
screwdriver,  needle-nose  and  side-cutter 
pliers,  4-inch  crescent  wrench,  100-watt 
soldering  iron  and  rosin-core  solder,  %, 
%,  and  %-inch  drills  and  either  a  hole 
cutter  or  a  nibbling  tool. 

Construction  Details 

The  potentiometer  employs  the  null- 
balance  principle,  in  which  the  potential 
to  be  measured  is  balanced  by  another 
equal  and  opposite  potential;  as  a  result, 
no  current  is  drawn  from  the  circuit 
whose  potential  is  being  measured.  This 
“compensation”  technique  is  the  basis 
for  numerous  electrical  and  electronic 
measuring  circuits,  as  well  as  for  many 
automatic  recording  devices.  The  sche¬ 
matic  wiring  diagram  of  the  circuit  used 
in  the  potentiometer  constructed  by  the 
authors  is  shown  in  Figure  1;  front  and 
rear  views  of  completed  instruments  are 
shown  in  Figure  2.  The  circuit  used  is 
similar  to  conventional  compensation 
circuits  (Willard,  Merritt,  and  Dean, 
1965,  pp.  4-6).  Mercury  batteries  power 
the  circuit,  thus  making  a  Battery 


2.6  k 


Figure  1.  —  Schematic  wiring  diagram 
for  student  potentiometer. 
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Figure  2.  —  Completed  student  poten¬ 
tiometers. 


switch  desirable;  external  connections 
for  checking  the  condition  of  the  bat¬ 
teries  with  a  voltmeter  have  been  added. 
A  zero-center  microammeter,  along  with 
a  suitable  protective  resistor,  serves  in 
lieu  of  a  galvanometer  (Tabbutt,  1962). 

For  instructional  purposes,  the  two 
halves  of  the  cabinet  should  be  wired  so 
that,  after  removal  of  the  four  self-tap¬ 
ping  retaining  screws  furnished  with  the 
aluminum  cabinet,  the  halves  of  the 
cabinet  may  be  separated  from  each 
other  by  several  inches.  The  use  of  var¬ 
ious  colors  of  hook-up  wire,  appropri¬ 
ately  laced  into  a  connecting  bundle  be¬ 
tween  the  two  halves  of  the  case,  per¬ 
mits  convenient  tracing  and  study  of  the 
circuits. 

Operational  procedure  is  conventional 
for  balance-type  potentiometric  circuits 
(Willard,  Merritt,  and  Dean,  1965,  p.  5). 
The  relative  values  of  the  standardizing 
resistor  and  the  helipot  permit  stand¬ 
ardization  of  the  potentiometer  at  a  dial 
setting  of  509,  i.e.,  one-half  the  output, 
in  millivolts,  of  the  standard  cell  (1.018 
volts);  thus,  the  instrument  is  essen¬ 
tially  direct-reading,  requiring  only  mul¬ 
tiplication  by  two  of  the  dial  setting 
representing  an  unknown  voltage.  Other 
appropriate  dial  settings  for  standardi¬ 
zation  may  be  used  if  it  is  desired  to 
vary  the  operational  voltage  range  of 
the  instrument. 

A  number  of  details  have  been  incor¬ 
porated  into  the  potentiometer  for  con¬ 
venience  in  operation  and  storage  which 
may  be  omitted  without  impairing  the 
performance  of  the  instrument,  resulting 
in  still  smaller  construction  costs.  In 
this  category  are  the  banana  jack  ter¬ 
minals,  the  double-pole  double-throw  Cell 
switch,  the  Battery  switch,  and  the  alum¬ 
inum  cabinet  itself.  The  specific  location 
of  the  various  components  in  the  case  is 


a  matter  for  the  individual  builder  to 
determine,  depending  on  the  specific  ap¬ 
plication  desired;  for  the  authors’  pur¬ 
poses,  the  orientation  of  components 
shown  in  Figure  2  has  been  found  to 
be  quite  efficient,  while  leaving  the  inter¬ 
nal  spacing  such  that  ample  room  is 
available  inside  the  cabinet  for  wiring. 

Performance  and  Applications 

Performance  data  for  three  of  the  po¬ 
tentiometers  described,  compared  with 
those  for  two  commercial  potentio¬ 
meters,  are  given  in  Table  2.  These  data 
were  obtained  by  picking  off  various 
voltages  from  a  potential  divider,  as¬ 
sembled  from  a  pair  of  mercury  batteries 
and  a  100-olim  radiopotentiometer,  and 
measuring  the  divider  output  with  each 
of  the  five  potentiometers  in  random 
turn,  each  instrument  having  been  ap¬ 
propriately  standardized  initially  against 
either  a  self-contained  Weston-type 
standard  cell  or  the  Epply  Student  Cell 
(an  easily  constructed  inexpensive  stand¬ 
ard  cell  suitable  for  the  latter  purpose 
has  been  described  by  Tabbutt,  1962). 
It  is  noteworthy  that  no  significant  dif¬ 
ference  appears  in  the  results  obtained 
with  the  five  potentiometers;  the  two 
commercial  instruments  are  priced  in 
the  $150-300  range  (including  internal 
standard  cells,  in  each  instance,  but  ex¬ 
clusive  of  working  batteries). 

Potentiometer  No.  7  (Table  2)  cost 
approximately  $10  more  to  build  than 
Nos.  1  and  4;  the  performance  of  the 
less  expensive  models  is  equally  good. 
Potentiometer  No.  1  was  constructed  in 
July,  1965  and  has  been  extensively  used 
throughout  the  ensuing  year  by  several 
high  school  students,  as  well  as  by 
about  thirty  college  students.  Potentio¬ 
meter  No.  4  was  constructed  in  July, 
1966  and  had  been  completed  for  less 
than  a  week  at  the  time  the  performance 
data  were  taken.  These  facts  and  the 
comparison  data  shown  indicate  the  rug¬ 
ged,  yet  accurate  and  reproducible 
characteristics  of  the  instrument. 

Several  of  the  potentiometers  de¬ 
scribed  have  been  used  extensively  for 
all  types  of  potentiometric  measure¬ 
ments  and  have  been  found  to  be  ac¬ 
curate,  convenient,  and  reproducible  in 
every  instance.  They  are  particularly 
well-suited  for  use  in  potentiometric 
titrations  employing  metallic  indicator 
electrodes  prepared  by  the  method  de¬ 
scribed  by  Waser  (1964,  p.  408)  and 
either  saturated  calomel  or  silver-silver 
chloride  reference  electrodes.  Other  ap- 
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Table  2.  —  Potentiometer  Performance 
Compared  with  That  of  Two  Commercial  Instruments. 


Sargent 

Wide  Range 

Leeds  and 
Northrup  Portable 

No.  1 

1965 

No.  4 

1966 

No.  71 

1966 

0.051  v. 

0.053  v. 

0.052  v. 

0.051  v. 

0.052  v. 

0.285 

0.287 

0.285 

0.286 

0.287 

0.553 

0.555 

0.553 

0.555 

0.554 

0.763 

0.762 

0.762 

0.762 

0.763 

0.940 

0.941 

0.940 

0.941 

0.940 

1.048 

1.049 

1.047 

1.049 

1.048 

1.602 

1.602 

1.604 

1.604 

1.906 

1.904 

1.906 

1.906 

1  This  instrument  was  constructed  from  better  quality  components,  including1  25-0-25 
microammeter,  ±0.1%  linearity  helipot,  and  snap-action  push-button  switch. 


plications  include  their  use  as  potential 
sources  and/or  current  measuring  de¬ 
vices  for  polarography,  voltage  stand¬ 
ardization  for  constant  potential  sources, 
and  direct  current  voltage  measure¬ 
ments  of  all  types  up  to  2.5  volts. 
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OF  CORN  TO  MATURITY 


A.  J.  PAPPELIS,  WALTER  E.  SCHMID,  H.  KOIKE  and  R.  A.  MUSGRAVES 

Southern  Illinois  University,  Carhonclale 


Abstract.  —  A  hydroponic  unit  de¬ 
signed  to  grow  about  20  corn  plants  to 
maturity  was  constructed.  Nutrient  solu¬ 
tions  pumped  through  the  gravel  were 
drained  into  a  covered  reservoir.  A 
float-valve  maintained  a  constant  water 
level  in  the  reservoir,  thus  replacing 
evaporated  or  transpired  water.  A  pump 
submerged  in  the  reservoir  cycled  the  nu¬ 
trient  solution.  All  parts  with  metal 
surfaces  in  contact  with  the  nutrient  so¬ 
lution  were  painted  with  expoxy  paint. 
In  studies  using  “complete”  solutions, 
normal  growth  and  associated  senescence 
patterns  in  stalks  were  obtained.  When 
potassium  levels  were  modified,  plant 
height,  date  of  silking,  and  death  of 
cells  in  stalk  tissue  were  affected. 


In  recent  years,  corn  has  been  grown 
to  maturity  in  hydroponic  units  con¬ 
structed  from  containers  as  small  as 
one  gallon,  glazed-clay  pots  used  in  stalk 
rot  studies  (Thayer  and  Williams,  1960) 
or  in  large  concrete  ground  beds  used 
to  study  environmental  factors  affect¬ 
ing  growth  (Barker  and  Bradfield,  1963). 
In  1961,  designs  for  an  intermediate¬ 
sized  hydroponic  unit  to  grow  20  corn 
plants  were  completed  by  the  senior 
author.  The  first  unit  was  constructed 
in  the  fall  of  1963  under  the  direction 
of  Mr.  H.  Koike.  The  results  of  some 
growth  studies  and  modifications  (Pap- 
pelis,  et  al.,  1966;  Pappelis  and  Liu, 
1966)  are  presented  in  this  paper. 

Materials  and  Methods 

Gonsti'uction  of  Hydroponic  Unit.  — 
The  gravel  container  was  constructed 
from  a  6'  x  2.5'  x  2.5'  stock  watering 
trough.  Three  drain  holes,  about  2 
inches  in  diameter,  were  spaced  at  the 
quarter-  and  mid-points  of  the  bottom 
along  the  long  axis.  Each  hole  was 
covered  with  a  four-inch  square  of  %- 
inch  mesh  screening.  The  trough  rested 
on  wooden  planks  supported  by  concrete 


blocks;  thus,  the  trough  was  elevated 
to  about  two  feet  above  ground  level. 
A  drain  system,  attached  below  the  holes 
in  the  trough,  was  fabricated  from  three- 
inch  gutter  (sealed  on  both  ends)  with 
a  downspout  near  one  end.  The  nutrient 
solution  flowed  from  the  gravel  through 
the  gutter  and  downspout  into  a  60-liter 
reservoir.  A  float  valve  attached  to 
“city”  water  service  maintained  a  con¬ 
stant  water  level  in  the  reservoir;  thus, 
evaporated  and  transpired  water  was 
replaced.  To  permit  easy  removal  and 
cleaning  of  the  reservoir,  the  terminal 
five  feet  of  water  line  attached  to  the 
reservoir  was  plastic  garden  hose.  A 
five  psi  pressure  reducing  valve  pre¬ 
vented  the  water  supply  line  from  burst¬ 
ing.  The  reservoir  was  kept  light-  and 
dust-proof  with  a  sheet  metal  cover.  All 
parts  with  metal  surfaces  in  contact  with 
the  nutrient  solution  were  painted  with 
epoxy  paint. 

A  submerged  pump  hp  with  8  gal¬ 
lons  per  minute  capacity)  in  the  reser¬ 
voir  cycled  the  nutrient  solution  to  a 
second  reservoir  (upper  reservoir)  set 
about  two  feet  above  the  gravel  con¬ 
tainer.  This  was  filled  by  the  pump  and 
drained  through  a  valve  which  was  set 
to  deliver  four  gallons  per  minute  to  the 
gravel  through  a  spray  system  and  to 
return  four  gallons  per  minute  to  the 
lower  reservoir  through  an  overflow 
system.  This  increased  mixing  and  aera¬ 
tion  of  the  solution.  The  upper  reservoir 
contained  about  40  liters.  The  nutrient 
solution  flowed  through  a  valve  into 
the  spray  system  which  was  made  from 
garden  hose.  An  outer  circle  of  garden 
hose  was  clamped  to  the  inner  rim  of 
the  gravel  container  and  a  center 
straight  section  (oriented  over  the  long 
dimension  of  the  gravel  container)  was 
supported  four  inches  above  the  gravel 
below  a  1”  x  1"  piece  of  wood  which 
rested  on  the  outer  rim  of  the  gravel 
container.  The  solution  was  sprayed 
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through  %-inch  holes  drilled  in  the  hose, 
three  inches  apart  and  aimed  45°  down¬ 
ward  along  the  inside  of  the  outer  circle 
and  along  both  sides  of  the  center  hose. 
The  volume  of  nutrient  solution  cycling- 
in  the  unit  was  about  140  liters.  Lime* 
stone  chat  of  about  %-inch  diameter 
was  used  for  the  supporting  medium. 
About  1.5  tons  were  required  per  unit 
to  fill  the  gravel  container  to  a  depth 
of  about  26  inches.  Prior  to  use,  the 
gravel  was  washed  for  about  one  week 
with  water  which  was  renewed  daily. 

Nutrient  Solution.  —  The  basal  nu¬ 
trient  solution  used  was  made  up  as 
follows:  28.5  g  each,  of  KnHP04,  CaCL‘2 
H20,  and  KC1;  32.2  g  NH4N03;  42.5  g 
MgSOt*7  H20;  4.5  g  iron  chelate  (Geigy 
Chel  330);  and  1  g  each,  of  H3B03  and 
MnCl2.  In  the  experiment  where  the 
effect  of  varying  potassium  levels  on 
cell  death  patterns  was  being  studied 
(Experiment  2),  the  solutions  used  con¬ 
tained  either  one-half  (0.5  K)  or  one- 
quarter  (0.25  K)  of  the  amount  of  po¬ 
tassium  present  in  the  basal  (1.0  K)  so¬ 
lution.  In  these  cases  the  ionic  concen¬ 
tration  of  the  solutions  was  maintained 
through  the  addition  of  equivalent 
amounts  of  Na2HP04  and  NaCl  for  the 
corresponding  potassium  salts.  Nutrient 
solutions  were  renewed  each  week.  To 
accomplish  this  operation,  the  entire 
system  was  allowed  to  drain  completely 
and  then  the  gravel  and  the  reservoirs 
were  rinsed  thoroughly  with  water.  Fol¬ 
lowing  this,  fresh  water  once  again  was 
introduced  into  the  system  and  then  each 
of  the  salts  indicated  above  was  dis¬ 
solved  individually  in  about  one  liter  of 
water.  When  completely  dissolved,  the 
salts  were  put  into  the  reservoirs  (with 
the  pump  running  to  effect  thorough 
mixing).  Except  as  indicated  below,  this 
procedure  was  followed  throughout  the 
experiments.  The  solutions  employed 
were  similar  to  those  reported  by  Ben¬ 
nett,  et  al.  (1964). 

Experimental  Procedure.  —  In  the  first 
experiment  the  hydroponic  unit  was  set 
up  in  a  greenhouse.  The  purpose  of 
this  experiment  was  to  test  the  opera¬ 
tion  of  the  prototype  unit.  Two  seeds 
of  variety  Wf9  x  38-11  were  planted 
about  two  inches  deep  in  each  of  ten 
“hills.”  There  were  five  “hills”  in  each 
of  two  rows.  Within  the  rows,  the  “hills” 
were  about  one  foot  apart,  and  the  rows 
were  about  10  to  12  inches  from  the 
side  of  the  gravel  container.  The  seeds 
were  planted  on  April  28,  1964.  The  so¬ 
lution  was  renewed  as  described  above 
until  about  July  1.  After  that  date,  new 


nutrient  salts  were  simply  added  to  the 
solution  already  present  in  the  reser¬ 
voirs  without  draining  of  old  solution  or 
rinsing  of  the  gravel. 

Stalks  were  rated  for  pith  condition 
based  on  areas  of  dead  cells  observed 
in  the  stalk  tissue  of  plants  cut  longi¬ 
tudinally  through  the  central  axis.  The 
system  used  was  described  by  Pappelis 
(see  Table  1) . 

In  the  second  experiment,  three  units 
were  set  up  outside  of  the  greenhouse. 
Three  seeds  of  Wf9  x  38-11  were  planted 
on  June  6  about  two  inches  deep  in  each 
of  12  hills  with  6  hills  in  2  rows.  This  sec¬ 
ond  experiment  included  0.5K  and  0.25K 
treatments  in  addition  to  the  1.0K  treat¬ 
ment.  As  earlier,  the  nutrient  solutions 
were  renewed  in  the  described  manner 
until  July  1  when  the  procedure  was 
changed  as  described  in  Experiment  1.  In 
the  case  of  these  three  outside  units,  this 
change  was  made  necessary  by  the  fact 
that  the  hydroponic  units  settled  some¬ 
what  in  the  soil;  and  this  made  it  diffi¬ 
cult  to  disengage  the  lower  reservoir  for 
cleaning  purposes.  Pith  condition  rat¬ 
ings  were  made  as  described  above. 

Results  and  Discussion 

Experiment  1. — The  phases  of  growth 
occurred  as  follows:  2  leaf  stage,  May 
7;  4  leaf  stage,  May  14;  7  leaf  stage, 
May  21;  9  leaf  stage,  May  28;  tassel 
beginning  to  emerge  on  most  plants, 
June  23;  tassels  well  formed  on  most 
plants,  July  1;  and  silking  of  most  plants 
on  July  15.  Ears  formed  on  the  fifth  in¬ 
ternode  level.  No  pollination  occurred, 
and  ears  formed  on  all  lower  nodes  dur¬ 
ing  the  following  weeks. 

On  May  14,  the  plants  were  about  six 
to  eight  inches  above  the  gravel ;  on 
May  21,  14  inches;  and  on  July  15,  about 
7  to  8  feet.  Chlorotic  stripes  between 
vascular  tissue  of  the  leaves  were  ob¬ 
served  until  August.  It  was  assumed 
that  these  were  caused  by  immobilization 
of  iron.  Why  it  became  reduced  in  sev¬ 
erity  in  August  was  not  explained.  Pith 
condition  ratings  of  June  22,  July  16, 
August  20,  29  and  September  5  and  12 
for  each  of  the  ten  internodes  cut  in 
longisection  above  the  uppermost  brace 
roots  are  given  in  Table  1. 

Death  of  internodal  parenchyma  tissue 
was  first  observed  on  June  22  in  the 
third  internode.  By  July  16,  most  of  the 
parenchyma  cells  in  the  upper  internodes 
studied  had  died  (death  occurring  be¬ 
fore  silking).  Death  of  cells  occurred 
more  slowly  in  the  lower  internodes. 
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Table  1.  Average  Pith  Condition  Ratings1  for  Three  Plants  of  Wf9  x  38-11  on 
Each  Sample  Date. 


Pith  Condition  Rating  for  Internode 


Date 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

6/22 . 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7/16 . 

0.1 

0.5 

2.7 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

8/20 . 

0.3 

2.3 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

8/29 . 

1.0 

3.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

9/5 . 

2.3 

3.3 

4.0 

4.0 

4.0 

4.1 

4.1 

4.1 

4.1 

4.1 

9/12 . 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

4.1 

1  Pith  condition  rating  scale  :  0.0,  no  white,  dead  cells  in  the  internode  ;  0.1,  less  than 
1%;  0.5,  2-12%;  1,  13-25%;  2,  26-50%;  3,  51-75%;  4,  76-100%;  4.1,  as  4  with  dead  cells 
in  the  nodal  plate  or  between  the  living  cells  of  the  node  and  nodal  plate.  5,  as  4  with  dead 
cells  through  the  nodal  tissue  linking  areas  of  dead  cells  in  adjacent  internodes,  and  6, 
plant  dead. 


About  August  20,  the  upper  leaves  of  the 
plants  began  to  die.  By  August  29,  some 
tissue  in  the  upper  node  had  died  in 
one  plant.  On  that  date,  dead  upper 
and  lower  leaves  were  observed  with 
only  a  few  green  leaves  near  the  ears  on 
the  remaining  plants.  By  September  5, 
all  of  the  leaves  were  dead.  On  Septem¬ 
ber  12,  the  stalks  were  still  green  and 
dead  cells  were  observed  in  all  nodes. 
The  pattern  of  cell  death  in  the  stalk 
was  similar  to  that  reported  in  inbred 
lines  (Pappelis,  1965;  Pappelis  and  Wil¬ 
liams,  1966).  It  was  concluded  that  the 
effect  of  mineral  nutrition  on  senescence 
in  corn  stalks  could  be  studied  using  this 
type  of  hydroponic  unit  since  the  plants 
were  normal  with  respect  to  most  known 
traits  except  for  the  yellow  stripe  in 
the  leaves  and  poor  pollination.  The 
mechanics  of  the  hydroponic  unit  were 
felt  to  be  successful  since  it  required 
no  repairs  and  only  minor  cleaning  dur¬ 
ing  the  entire  growth  period.  The  major 
problem  of  the  unit  was  considered  to 
be  algal  growth  on  moist,  exposed  sur¬ 
faces.  The  gravel  was  stirred  once  each 
week  to  cover  the  algae,  and  the  surfaces 
of  the  gravel  container  and  hoses  of  the 
delivery  system  were  wiped  clean  fre¬ 
quently.  Some  of  the  small  holes  be¬ 
came  plugged  and  required  cleaning  by 
inserting  a  wire  into  the  hole.  No  algal 
growth  occurred  in  the  reservoirs  since 
they  were  covered. 


Expei'iment  2.  —  Seedlings  emerged 
within  one  week  after  planting.  On 
June  18,  all  seedlings  were  of  equal 
height  and  stage  of  development.  Plants 
were  sprayed  with  DDT  to  prevent  se¬ 
vere  insect  damage.  Soft  rot  of  the 
lower  leaves  of  the  plants  in  all  tanks 
was  associated  with  algal  growth.  Wind 
had  caused  a  high  amount  of  drift  of 
nutrient  solution  being  sprayed  onto 
the  gravel,  and  algal  growth  on  the 
plants  occurred.  The  surface  gravel  was 
stirred  each  week  and  the  sides  of  the 
tank  and  the  hoses  were  wiped  clean 
frequently.  No  algal  growth  was  noted 
in  the  lower  or  upper  reservoirs,  each 
being  tightly  covered  with  a  metal  lid. 

On  July  16,  the  plants  were  thinned 
to  one  plant  per  hill.  On  that  date,  the 
leaves  of  the  plants  in  the  1.0K  solu¬ 
tion  were  very  pale  bronze  in  color  with 
green  tissue  around  vascular  bundles 
separated  by  streaks  of  yellow-to-white 
colored  tissue  between  the  vascular 
bundles.  The  height  of  the  plants  (mea¬ 
sured  to  the  tip  of  the  tallest  leaves) 
was  about  two  feet  tall.  Root  tips  on 
some  of  these  plants  appeared  to  be  ne¬ 
crotic,  especially  on  newly  formed  ad¬ 
ventitious  roots.  Roots  were  about  6  to 
12  inches  in  length  with  sparse  lateral 
branching. 

On  July  16,  the  plants  grown  in  0.5K 
were  about  four  feet  tall  to  the  tips  of 
the  tallest  leaves.  Adventitious  roots 
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were  well  developed,  and  many  lateral 
roots  were  noted  on  primary  roots.  No 
necrotic  root  tips  were  observed.  The 
lower  leaves  had  a  good  green  color, 
but  the  upper  leaves  had  yellow  stripes 
between  vascular  tissue.  The  0.25K 
plants  were  similar  to  the  0.5K  plants 
except  they  were  about  three  feet  in 
height. 

Stalk  tissue  of  all  the  thinned  plants 
was  examined  by  cutting  the  stalks 
longitudinally.  The  internodal  and  nodal 
tissue  appeared  normal  in  color  and 
alive  in  all  plants.  The  length  of  the 
stalks  was  about  two  inches  in  1.0K 
plants,  six  inches  in  0.5K  plants,  and 
four  inches  in  0.25K  plants. 

On  July  27,  the  1.0K  plants  were  about 

2.5  feet  tall.  Leaves  were  becoming 
green  where  they  were  previously  yellow 
or  white.  The  0.5K  plants  were  about 
five  feet  tall  and  the  0.25K  plants  about 

3.5  feet  tall.  The  yellow  stripe  in  the 
leaves  of  the  plants  in  the  0.5K  and 
0.25K  tanks  was  much  less  pronounced 
than  that  in  plants  grown  in  the  1.0K 
solution.  Although  some  of  the  plants 
had  lost  the  lower  two  leaves  due  to  a 
soft  rotting  action  associated  with  algae, 
no  leaves  above  this  point  appeared  to 
be  affected  on  or  after  this  date. 

On  July  31,  seven  plants  in  the  1.0K 
tanks  were  in  the  boot  stage.  They  were 
about  3.5  feet  in  height.  The  height  of 
the  other  plants,  that  were  not  as  well 
developed,  ranged,  generally  from  1.5  to 
3  feet.  The  upper  leaves  were  green  and 
the  lower  leaves  had  yellow  streaks  be¬ 
tween  vascular  tissue.  The  0.5K  plants 
were  about  six  feet  tall  and  15  of  the 
plants  had  tassels  visible.  The  0.25K 
plants  were  generally  3.5  to  5  feet  in 
height;  about  half  of  the  plants  had  tas¬ 
sels  visible.  All  of  the  plants  in  the  0.5K 
and  0.25K  solution  had  yellow  stripes  be¬ 
tween  vascular  tissue  in  all  leaves. 

On  August  3,  the  1.0K  plants  were 
about  four  feet  in  height  with  the  upper 
leaves  green;  the  lower  five  leaves  had 
yellow  stripes  between  the  vascular  tis¬ 
sue.  The  OAK  plants  were  up  to  seven 
feet  in  height  and  about  half  of  the 
plants  had  silked.  The  0.25K  plants 
ranged  from  four  to  six  feet  in  height 
and  about  half  of  the  plants  had  tassels 
visible  above  the  whorl  of  leaves. 

On  August  5,  12  of  the  OAK  plants 
and  two  of  the  0.25K  plants  had  silked 
while  in  the  1.0K  tanks,  tassels  were 
just  emerging.  On  August  7,  the  1.0K 
plants  had  light  yellow  stripes  in  all 


leaves.  The  plants  were  generally  three 
to  five  feet  in  height  with  tassles  visible 
above  the  whorl  of  leaves.  Most  of  the 
0.5  plants  had  silked.  By  August  12,  all 
plants  in  the  three  tanks  had  silked. 

The  pith  condition  ratings  for  plants 
grown  in  the  three  nutrient  solutions  are 
given  in  Table  2.  Very  little  difference 
is  noted  in  the  third  through  tenth  in¬ 
ternode  ratings  until  October  6  when  the 
death  of  the  cells  in  or  around  the  nodal 
plate  occurred  in  those  plants  grown  in 
the  OAK  solution.  The  ratings  for  death 
of  cells  in  the  first  and  second  internode 
appear  to  be  inconsistent  and  were  as¬ 
sociated  with  differences  in  internode 
lengths.  No  attempt  will  be  made  to 
interpret  these  data. 

It  was  concluded  that  the  hydroponic 
units  were  simple  to  construct  and  op¬ 
erate  and  should  be  used  to  expand  the 
study  of  the  effect  of  nutrients  on  cell 
death.  Problems  of  insect  control  and 
protection  from  rain  and  wind  damage 
suggest  that  future  studies  be  conducted 
in  a  greenhouse  until  suitable  modifica¬ 
tions  for  outdoor  growth  are  developed. 
The  observations  that  the  plants  grown 
in  1.0K  solution  were  shorter  in  height 
and  silked  later  than  those  grown  in 
OAK  or  0.25K  solutions  may  be  signifi¬ 
cant,  especially  the  association  with 
discoloration  of  root  tip  in  the  1.0K 
solution.  The  tallest  plants  were  those 
grown  in  the  OAK  solution.  It  is  not 
known  whether  this  is  related  to  the  in¬ 
creased  rate  of  death  (4.1  ratings)  ob¬ 
served  only  in  the  stalks  of  those  plants. 

General.  —  In  both  experiments, 
limestone  chat  supported  the  plants.  No 
tests  were  conducted  to  determine  the 
binding  capacity  of  chat  for  nutrients. 
The  solutions  were  about  pH  6  the  few 
times  that  pH  was  checked  with  hydrion 
paper. 

From  the  experience  gained  in  these 
studies,  the  hydroponic  units  have  been 
simplified.  To  eliminate  problems  of 
algal  growth  associated  with  delivery  of 
nutrients  by  means  of  spray,  eight  gal- 
lans  of  nutrient  solution  per  minute  are 
pumped  directly  to  the  gravel  through 
ten  plastic  T’s  buried  two  inches  be¬ 
low  the  gravel  surface  (Pappelis  and 
Liu,  1966;  Pappelis,  et  al.,  1966).  In  the 
more  recent  studies  of  the  effect  of  nu¬ 
trients  on  cell  death  in  corn  by  Pappelis 
and  Liu  (1966),  the  plants  were  grown 
in  granite  gravel  and  the  nutrient  solu¬ 
tions  included  all  of  the  micro-elements 
used  by  Bennett,  et  al.  (1964). 
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Table  2.  Pith  Condition  Rating  Averages  of  Three  Plants  per  Treatment1  per 
Date. 


Pith  Condition  Rating  for  Internode 


Date  and  Treatment 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

8/20 

1  .OK . 

1.0 

2.3 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.5K . 

0.1 

2.3 

3.7 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.25K . 

1.0 

3.3 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

9/5 

1 ,0K . 

1.7 

3.7 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.5K . 

0.8 

3.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.25K . 

9/22 

1 ,0K . 

2.7 

3.7 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.5K . 

0.5 

3.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.25K . 

9/29 

1 ,0K . 

1.7 

3.7 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.5K . 

1.5 

3.7 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.25K . 

1.5 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

10/6 

1  .OK . 

1.0 

3.3 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

0.5K . 

0.9 

3.0 

4.0 

4.1 

4.1 

4.0 

4.0 

4.0 

4.1 

4.1 

0.25K . 

0.4 

2.3 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

1  Treatments  :  1.0  =  full  potassium;  0.5  =  replacement  of  %  of  the  KC1  and  KH.PO4 
with  NaCl  and  NalLPCh  ;  0.25  =  replacement  by  %  of  the  potassium  salts  with  sodium 
salts. 
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A  PARTURITION  DATE  FOR  THE  HOARY  BAT, 
LASIURUS  C.  CINEREU8 ,  IN  ILLINOIS 
AND  NOTES  ON  THE  NEWBORN  YOUNG 


EDWARD  A.  MUNYER 
Illinois  State  Museum,  Springfield 


Abstract.  —  Three  adult  female  lioary 
bats  from  Sangamon  County,  Illinois,  a 
parturition  date  (June  5,  1965)  and  ex¬ 
ternal  dimensions  of  the  well-developed 
and  well-furred  newborn  young  are  re¬ 
corded. 


The  hoary  bat  is  generally  considered 
uncommon  over  most  of  its  geographic 
range  and,  while  there  are  summer  rec¬ 
ords  from  all  parts  of  Illinois,  it  is  rare 
in  this  state  also  (Hoffmeister  and 
Mohr,  1957,  p.  80).  Few  published  lo¬ 
cality  records  exist  and,  although  several 
records  of  pregnant  and  young-bearing 
females  from  adjoining  states  are 
known,  only  one  record  of  breeding  in 
this  state  is  available,  that  of  a  lactating 
female  collected  in  Vermilion  County 
on  May  31,  1948  (Provost  and  Kirkpat¬ 
rick,  1952).  Information  on  parturition 
in  the  species  is  similarly  scanty  with  ap¬ 
parently  but  one  brief  account  by  Nero 
(1958)  extant.  Hamilton  (1943,  p.  99) 
reported  a  birthweight  of  “about  4.5 
grams”  and  added  that  “.  .  .  it  is  known 
that  they  grow  very  rapidly,  attaining 
sufficient  size  and  strength  within  a 
month  to  fend  for  themselves.”  Other 
descriptions  of  the  fetus  at  birth  are  not 
known  (see  also  a  recent  review  by 
Wimsatt,  1960).  In  view  of  this,  and 
despite  certain  shortcomings  mentioned 
elsewhere,  it  seems  worthwhile  to  re¬ 
cord  three  additional  state  records,  a 
birth  date,  and  certain  observations  of 
the  newborn  young  as  follows.  All  speci¬ 
mens  described  are  housed  in  and  bear 
catalogue  numbers  of  the  Illinois  State 
Museum;  I  am  pleased  to  acknowledge 
with  thanks  the  donors,  Mrs.  Francis 
McGuire,  William  Landrith  and  Steve 
Wood. 

The  bats  were  found  in  residential 
areas  within  the  city  limits  of  Spring- 
field,  Sangamon  County.  Dates  of  col¬ 
lection,  measurements  and  other  data 


are  recorded  in  Table  1.  The  first,  ISM 
614031,  was  found  roosting  beneath  an 
eave  of  a  garage;  ISM  614073  suffered 
a  broken  wing  and  was  collected  on  a 
sidewalk;  and  ISM  614074  was  found 
about  six  feet  up  on  the  trunk  of  a 
tree.  The  latter  was  judged  pregnant 
and  placed  in  a  cage. 

Births  of  the  two  young  were  not  ob¬ 
served.  They  occurred  on  June  5  the  day 
after  the  mother’s  capture  some  time  be¬ 
tween  1:30  P.M.  and  4:30  P.M.,  C.S.T. 
when  both  young  were  found  dead  on  the 
floor  of  the  cage.  Artificial  confinement 
can  adversely  affect  parturition  in  bats 
(Wimsatt,  pp.  185-186)  and  this  is  sug¬ 
gested  here  by  the  early  deaths  of  the 
young;  the  adult,  which  had  refused  all 
food,  died  approximately  12  hours  later. 
The  large  size  and  advanced  develop¬ 
ment  of  the  young,  however,  indicate 
that  parturition  would  normally  have 
occurred  at  or  close  to  this  time  under 
natural  conditions.  Parturition  in  the 
species  generally  occurs  in  late  May  or 
early  June  (Hoffmeister  and  Mohr,  loc. 
cit. ;  see  also  Cockrum,  1955,  p.  499). 

Unfortunately  measurements  of  the 
newborn  were  not  immediately  taken; 
those  given  in  Table  1  are  from  the  pre¬ 
served  (in  dilute  formalin)  specimens. 
While  some  distortion  might  be  expected, 
little  change  in  coloration  of  the  speci¬ 
mens  was  noted,  the  bodies  and  wings 
were  quite  pliable  and  the  measure¬ 
ments  were  taken  without  difficulty. 
Compared  with  dimensions  given  by 
Nero  for  two  young  two  days  old,  little 
difference  is  noted  (Table  1);  but  the 
average  of  the  wingspreads  of  the  new¬ 
born  is  only  85.4  per  cent  of  the  cor¬ 
responding  measure  of  Nero’s  older 
young.  While  a  rapid  early  growth  of 
wings  may  thus  be  indicated,  this  di¬ 
mension  is  affected  (more  than  others?) 
by  preservative-caused  shrinkage.  The 
wingspread  of  a  very  young  (blind,  2.3 
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Table  1. — Dimensions  (in  mm)  of  Specimens  of  Adult,  Two  Day  Old  (after 
Nero,  1958)  and  Newborn  Hoary  Bats. 


Sangamon  County,  Illinois 

Saskatchewan,  Can. 

Adult  females1 

Newborn 

Two  day  old 
young  (Nero,  1958) 

Date  of  Col. 

11  VII 1962 

3  V  1965 

4  VI  1965 

Born:  5  VI  1965 

Born:  24  VI  1958 

Sex  and 
ISM  No. 

Female 

614031 

Female 

614073 

Female 

614074 

Female 

614074 

Male 

614074 

Female 

Male 

Total  length 

110.0 

122.0 

124.0 

60.5 

58.5 

67.0 

64.0 

Wingspread. 

116.0 

112.0 

135.0 

132.0 

Tail  length. . 

35.0 

53.0 

53.0 

20.0 

18.0 

21.0 

18.0 

Hind  foot. . . 

12.0 

10.0 

10.0 

11.0 

11.0 

11.0 

11.0 

Ear . 

16.0 

13.0 

15.0 

8.0 

8.0 

9.0 

7.5 

Forearm. . . . 

53.7 

54.0 

55.0 

19.0 

18.5 

19.0 

18.0 

Tragus . 

2.8 

3.0 

Thumb . 

7.5 

7.1 

1  Dimensions  recorded  on  Specimen  labels.  ISM  614031  may  be  a  large  subadult. 


gm  after  freezing,  forearm  length:  16 
mm)  red  bat,  L.  borealis,  for  example, 
decreased  from  106  mm  before,  to  101 
mm  after  preservation — a  decrease  of  4.7 
per  cent.  Measurements  from  additional 
fresh  specimens  of  young,  known-age 
hoary  bats  are  therefore  needed.  The 
skin  of  the  blind  newborn  bats  is  brown 
— darker  on  the  body  than  on  the  wings 
and  lighter  beneath.  The  throat  and 
head  are  pale,  approaching  huffish  and 
the  hind  feet  and  thumbs  are  nearly 
black.  The  growth  of  hair  covering  the 
dorsum  of  hind  feet,  body,  neck  and 
head  is  especially  prominent  and  the 
hairs,  as  in  the  adult,  are  noticeably 
tipped  with  white.  Vibrissae  (buccal, 
genal  and  superciliary)  and  a  sparse 
covering  of  shorter  hairs  on  chin  and 
muzzle  are  also  present.  Umbilical  cords 
and  placentae  were  still  attached  when 
the  young  were  found. 

A  sexual  segregation  or  absence  of 
adult  males  during  the  period  of  par¬ 
turition  (Poole,  1932;  Constantine,  1966; 


and  others)  has  been  observed  and  Find¬ 
ley  and  Jones  (1964,  pp.  468-469)  sug¬ 
gested  “.  .  .  that  the  area  in  which  young 
are  born  is  restricted  geographically  and 
perhaps  not  occupied  by  adult  males.” 
The  adult  females  and  parturition  re¬ 
corded  here,  therefore,  help  to  corrobo¬ 
rate  these  observations  and  further  sup¬ 
port  the  inclusion  of  Illinois  in  this 
“area”  of  breeding. 
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Abstract. — Several  specimens  of  II ex- 
apterospermum  delevoryii  Taylor,  col¬ 
lected  near  Carrier  Mills,  Illinois,  are 
described.  “Seeds”  freed  from  the  rock 
matrix  represent  casts  of  the  inner  part 
of  the  integument  and  are  illustrated. 


The  seed  genus  Hexapterospermum 
was  described  over  90  years  ago  from  a 
locality  of  Carboniferous  age  near  Saint- 
Etienne,  France  (Brongniart,  1874  ). 
The  seeds  are  characterized  as  being  hex¬ 
agonal  in  cross  section  with  six  commis- 
sured  wings  (one  at  each  angle)  elon¬ 
gated  into  keels  at  their  base  (chalaza). 
Although  all  of  Brongniart’s  specimens 
were  incomplete,  he  was  able  to  dif¬ 
ferentiate  two  species  ( H .  Stenopterum 
and  H.  pachypterum )  on  the  basis  of 
differences  in  the  tissue  organization  of 
the  integument. 

Recently  Taylor  (1966)  described  a 
new  species,  II.  delevoryii.  from  the  Mid¬ 
dle  Pennsylvanian  coal  ball  horizon 
above  the  Herrin  no.  6  coal,  Carbondale 
formation,  Kewanee  group  at  the  Sahara 
Coal  Company  Mine  near  Carrier  Mills, 
Illinois.  In  addition  to  illustrating  the 
first  nearly  complete  specimens  of  this 
genus,  Taylor  described  the  nucellus  and 
its  apical  differentiation  into  a  pollen 
receiving  device.  He  was  able  to  show, 
also,  that  the  integument  and  nucellus 
were  vascularized  and  free  from  each 
other  except  at  their  base.  Although 
these  latter  features  are  characteristic  of 
the  Trigonocarpales,  the  presence  of  a 
pollen  receiving  device  similar  to  those 
of  the  Lagenostomales  may  indicate  that 
Hexapterospermum  is  a  form  intermedi¬ 
ate  between  these  two  orders  (Taylor, 
1966). 

In  January,  1966,  a  collection  of  coal 
balls  was  made  from  the  Sahara  Coal 
Company  Mine.  While  trimming  several 
of  the  coal  balls  so  as  to  fit  them  onto 
the  cutting  saw,  five  “seeds”  were  “pop¬ 
ped  free”  from  the  matrix.  The  outer 


portion  of  the  integument,  however,  re¬ 
mained  entombed  within  the  rock.  Cross 
sections  through  two  seeds  still  em¬ 
bedded  within  the  matrix  showed  ana¬ 
tomy  identical  to  that  described  by  Tay¬ 
lor  for  H.  delevoryii  (Pig.  1).  The  in¬ 
tegument  exhibits  the  three-layered  pat- 


Figures  1-5.  —  Hexapterospermum  de 
levoryii.  1.  Cross  section  of  seed  in  coal 
ball.  SIU  206-b4.  (X2.5).  2.  Apex  of 

cast  showing  six  ribs  with  three  being 
more  prominent.  SIU  202.  (XI).  3. 

Chaazal  end  of  cast.  SIU  204.  (XI. 3). 
4.  Surface  of  rib  showing  cells  contoured 
to  the  commissure  (dark  vertical  line). 
SIU  204.  (X7).  5.  Side  view  of  cast. 

SIU  204.  (X2 ) . 
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tern  with  an  outer  layer  including  a 
marginal  row  of  secretory  canals,  a 
well  developed  middle  layer,  and  an  in¬ 
ner  layer  composed  of  thin-walled  cells. 
The  commissure  is  visible  in  each  angle 
of  the  seed  as  a  plate  of  cells.  The  nu- 
cellus  and  the  vascularization  were  not 
seen. 

Sections  of  the  freed  “seeds”  indicated 
that  only  the  innermost  portion  of  the 
integument  separated  from  the  rock 
matrix.  Though  the  outermost  part  of 
the  freed  “seed”  is  petrifaction,  the  re¬ 
mainder  represents  a  cast  of  the  inside 
of  the  seed  integument.  A  description 
of  such  “casts”  may  aid  in  identification 
of  this  genus  when  it  is  found  preserved 
in  this  state  only. 

Externally,  the  “casts”  are  ovate  with 
a  broad,  slightly  curved  base  (chalaza) 
and  a  tapering  apex  (Fig.  5).  The  length 
of  the  “casts”  ranged  from  16  to  18  mm 
and  at  their  widest  point  they  were  13  to 
13.5  mm.  The  six  ribs  are  represented  at 
the  chalazal  end  (Fig.  3)  by  Keels  which 
expand  rapidly  towards  the  micropylar 
end  (about  1/6  the  length  of  the  “cast”) 
to  a  diameter  of  about  5  mm.  The  ribs 
then  taper  into  narrow  ridges  (Fig.  2). 
In  at  least  one  specimen  three  of  the 
ribs  appear  to  be  more  prominant  at 
the  micropylar  end  (Fig.  2)  thus  giving 
a  superficial  resembalance  to  the  genus 
Pachytesta.  The  commissure  forms  a 


definite  groove  along  the  center  of  each 
rib  becoming  a  raised  ridge  in  the  re¬ 
gion  of  the  keels  on  the  chalazal  end. 

When  examined  under  reflected  light, 
the  surface  pattern  of  cells  on  the  ribs 
appear  to  be  contoured  to  the  groove 
of  the  commissure  (Fig.  4).  The  cells 
are  elongated  and  appear  to  represent 
the  compact  part  of  the  middle  layer  of 
the  integument  as  described  by  Taylor. 

The  seeds  (“casts”  and  petrifactions) 
described  in  this  paper  bear  the  numbers 
100-106  in  the  Southern  Illinois  Univer¬ 
sity  Paleontological  Collection. 
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Abstract. — The  shortleaf  pine  in 
Southern  Illinois  will  respond  to  thin¬ 
ning  at  a  relatively  early  age  but  begins 
to  stagnate  on  average  sites  from  20  to 
25  years  of  age.  When  these  conditions 
occur,  removal  of  the  entire  plantation 
should  be  considered  with  emphasis 
given  to  the  planting  of  desirable  hard¬ 
woods. 


A  study  was  initiated  in  1950  (Bog- 
gess,  1950)  in  a  13-layer-old  shortleaf 
pine  plantation  to  determine  the  effects 
of  four  crown  thinning  treatments.  Two 
replications  of  each  treatment  were  ap¬ 
plied  in  the  plantation.  The  treatments 
were : 

1.  No  thinning  (check) 

2.  Thinned  to  90  square  feet  basal 

area  per  acre  (light) 

3.  Thinned  to  80  square  feet  basal 

area  per  acre  (medium) 

4.  Thinned  to  70  square  feet  basal 

area  per  acre  (heavy) 

As  a  result  of  a  severe  glaze  storm  in 
January  of  1952,  a  light  salvage  cut  was 
made.  Second  and  third  thinnings  were 
made  in  February  1953  and  January 


1958  (Boggess  and  McMillan,  1953;  Bog- 
gess,  1958).  All  cubic-foot  volumes  have 
been  determined  from  local  volume 
tables. 

This  paper  presents  yields  from  a 
fourth  thinning  made  in  the  fall  of  1962, 
growth  from  the  1958  thinning  through 
the  1965  growing  season,  and  yield  for 
the  entire  management  period. 

Results  and  Discussion 

Rough  wood  yield  removed  from  the 
thinning  plots  during  the  fourth  thin¬ 
ning,  excluding  mortality,  is  shown  in 
Table  1.  Small  differences  occurred  be¬ 
tween  the  thinning  treatments. 

Table  2  presents  stand  volume,  less 
mortality,  from  1958  to  1965.  During  this 
period,  growth  steadily  increased,  but 
slowed  after  1962  as  evidence  by  the  un¬ 
thinned  plots.  The  annual  increase  in 
basal  area  between  the  third  and  fourth 
thinnings  was  5.42,  5.84,  5.92,  and  5.00 
square  feet  for  the  heavy,  medium,  light, 
and  checked  plots,  respectively.  The  an¬ 
nual  increase  in  basal  area  between  1962 
and  1965  was  2.77,  2.40,  and  3.63  square 


Table  1. — Number  of  Trees,  Square  Feet  Basal  Area,  and  Cubic  Feet  Volume 
Per  acre  Before  and  After  the  Fourth  Thinning  in  1962,  Excluding  Mortality. 


Thinning  Treatment 

Before  Thi 

nning 

After  Thinning 

Cut  in  Thinning 

No. 

Trees 

Basal 

Area 

Vol. 
Cu.  Ft. 

No. 

Trees 

Basal 

Area 

Vol. 
Cu.  Ft. 

No. 

Trees 

Basal 

Area 

Vol. 
Cu.  Ft. 

None . 

76  6 

191.5 

4,214 

766 

191.5 

4,214 

90  sq.  ft.  basal  area. .  . 

370 

118.6 

2,544 

255 

89.7 

1,927 

115 

28.9 

617 

80  sq.  ft.  basal  area. .  . 

350 

109.4 

2,332 

207 

79.9 

1,714 

143 

29.5 

618 

70  sq.  ft.  basal  area. .  . 

278 

96.9 

2,079 

168 

69.8 

1,510 

110 

27.1 

569 

[100] 
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Table  2. — Number  of  Trees  and  Square  Feet  Basal  Area  Per  Acre  Excluding 
Mortality  for  Four  Thinning  Treatments  from  1958  to  1965. 


Thinning  Treatments 


Year 

Heavy 

Medium 

Light 

Check 

No. 

Trees 

Basal 

Area 

No. 

Trees 

Basal 

Area 

No. 

Trees 

Basal 

Area 

No. 

Trees 

Basal 

Area 

1958 . 

275 

74.5 

355 

86.4 

378 

95.5 

813 

173.3 

1959 . 

278 

74.5 

355 

92.3 

373 

100.6 

803 

178.3 

1960 . 

278 

85.8 

353 

97.2 

375 

106.7 

798 

184.5 

1961 .  . 

278 

92.7 

353 

103.6 

373 

112.8 

780 

189.2 

1962 . 

278 

96.9 

350 

109.4 

370 

118.6 

766 

191.5 

19621 . 

168 

69.8 

207 

79.9 

255 

89.7 

766 

191.5 

1963  . 

165 

73.1 

210 

85.2 

255 

94.7 

740 

193.2 

1964 . 

162 

75.2 

200 

85.4 

250 

97.8 

715 

192.6 

1965 . 

162 

78.1 

195 

87.1 

248 

100.6 

682 

191.3 

1  Following  the  fourth  thinning. 

feet  for  the  heavy,  medium,  and  light 
thinning  treatments,  respectively,  with  a 
decrease  of  0.07  square  feet  in  the  un¬ 
thinned  plots.  At  the  end  of  the  1965 
growing  season,  diameters  of  trees  at 
breast  height  (4.5  feet  above  ground)  in 
the  heavy,  medium,  light,  and  check 
plots  averaged  9.3,  8.8,  8.5,  and  7.0  inches, 
respectively. 

A  summary  of  rough  wood  removed 
from  the  plots,  including  mortality,  for 
the  entire  management  period  is  pre¬ 
sented  in  Table  3.  Yield  increased  up 
to  1958  but  decreased  after  this  date. 
The  unthinned  plots  produced  the  larg¬ 
est  volume  of  rough  wood  during  the 
life  of  the  stand.  A  discrepancy  be¬ 
tween  Tables  1  and  3  for  the  1962  thin¬ 
ning  is  due  to  the  inclusion  of  mortality 
in  Table  3. 

Results  from  this  study  exhibit  two 
factors  that  should  be  recognized  in  the 
management  of  shortleaf  pine  in  south¬ 
ern  Illinois.  Shortleaf  pine  will  respond 
to  thinning  at  a  relatively  early  age,  and 
it  begins  to  stagnate  on  average  sites 
(site  index  of  40  at  25  years)  from  20 
to  25  years  of  age. 


As  pointed  out  in  Table  3,  basal  area 
yield  began  to  decrease  at  the  time  of  the 
1958  thinning  when  the  plantation  was 
22  years  old.  Figure  1  presents  the 
previous  accumulative  basal  area  yield 
for  each  thinning  and  the  cut  (growth 
following  thinning)  made  during  that 
period.  A  decline  in  basal  area  in  the 
thinned  plots  is  evident  after  1958.  Basal 
area  declined  after  1962  in  the  unthin¬ 
ned  plots  at  26  years  of  age.  Although 
basal  area  in  the  unthinned  plots  has 
started  to  decline,  cubic-foot  volume  con¬ 
tinues  to  increase  but  at  a  reduced  rate. 

Accumulative  mortality  is  shown  in 
Figure  2.  Fomes  annosus,  the  Ips  en¬ 
graver  or  bark  beetle,  and  natural  sus- 
pression  account  for  most  mortality  in 
the  study  area.  Mortality  was  greatest 
in  the  unthinned  plots,  thus  resulting  in 
a  greater  loss  of  product  than  in  the 
thinned  plots.  After  the  1965  growing- 
season,  mortality  in  the  plots  at  29  years 
of  age  resulted  in  a  loss  (trees  not  sal¬ 
vaged  during  thinning  operations)  of 
21.3,  3.6,  2.1,  and  1.7  square  feet  basal 
area  for  the  check,  medium,  heavy,  and 
light  treatments,  respectively.  In  1953 


102 


Transactions  Illinois  Academy  Science 


Table  3. — Square  Feet  Basal  Area  and  Cubic  Feet  Volume  Removed  from 
Thinnings  and  Total  Yields  for  the  Entire  Management  Period.1 


Year  Thinned 

Square  Feet  Basal  Area 

Cubic  Feet  Volume 

Heavy 

Medium 

Light 

Check 

Heavy 

Medium 

Light 

Check 

1950 . 

25.0 

14.0 

14.0 

275 

165 

185 

19522 . 

3.8 

3.9 

2.0 

1953  . 

24.8 

28.6 

25.6 

323 

281 

346 

1958 . 

38.4 

40.5 

43.4 

666 

712 

764 

1962 . 

27.5 

30.0 

29.3 

569 

618 

633 

Total  removed. .  .  . 

119.5 

117.0 

114.3 

1,833 

1,776 

1,928 

Residual  1962 .... 

96.9 

109.4 

118.6 

191.5 

1,510 

1,714 

1,927 

4,214 

Total  to  1962 .... 

216.4 

226.4 

232.9 

191.5 

3,343 

3,490 

3,855 

4,214 

1  Area  and  volume  figures  include  mortality. 

2  Salvage  cut. 


ACCUMULATIVE  YIELD 
i  . "I  GROWTH  AFTER  THINNING 


Figure  1. — Accumulative  yield  for 
four  thinning  periods  and  basal  area 
growth  from  1962  to  1965. 


Figure  2. — Total  mortality  for  each 
thinning  treatment  during  twelve  years 
of  management  (1953  to  1966). 


at  17  years  of  age,  the  unthinned  plots 
were  fully  stocked  containing  134  square 
feet  of  basal  area.  The  rate  of  mortality 
increased  as  the  check  plots  became  over¬ 
stocked.  Although  the  light  thinning 
treatment  showed  signs  of  mortality 
earlier  than  the  other  treatments,  total 
loss  of  useable  product  was  the  lowest 
of  the  three  treatments. 

Conclusion 

Sliortleaf  pine  in  southern  Illinois  is 
at  the  northern  extremity  of  its  natural 
range  and  is  undoubtedly  more  suscep¬ 
tible  to  attack  by  insects  and  diseases 
resulting  in  a  shorter  life  expectancy. 
Although  it  is  hazardous  to  make  con¬ 
clusive  statements  on  the  basis  of  one 
study,  the  following  recommendations 
based  upon  this  study  and  observations 
on  other  plantations  in  the  area  suggest 
that  sliortleaf  pine  in  southern  Illinois 
can  be  lightly  thinned  at  an  early  age  to 
produce  a  higher  quality  product  in  a 
short  period  of  time;  but  when  the  plan¬ 
tation  shows  signs  of  increased  mortal¬ 
ity  and  a  reduction  in  the  rate  of  growth, 


around  25  years  of  age  on  average  sites, 
removal  of  the  entire  stand  should  be 
considered.  The  plantation  could  be 
clear  cut  and  pines  replanted,  although 
serious  consideration  should  be  given 
to  the  planting  of  desirable  hardwoods 
as  the  pines  should  improve  the  site  so 
that  hardwoods  will  respond  favorably. 
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A  RECENT  COLLECTION  OF  SCIRPUS  CESPITOSUS  L. 
VAR.  CALLOSUS  BIGEL.  IN  ILLINOIS 


R.  P.  WUNDERLIN 

Southern  Illinois  University,  Garhondale 


Abstract. — Scirpus  cespitosus  L.  var. 
callosus  Bigel.  was  recently  collected 
in  Lake  County,  Illinois.  This  repre¬ 
sents  the  first  collection  of  this  plant 
since  the  mid-1800’s  in  Illinois  and  the 
first  collection  from  Lake  Coounty. 


George  Vasey,  while  residing  in  Illi¬ 
nois  and  practicing  medicine  at  Ring- 
wood  and  Elgin  between  the  years  of 
1848  and  1866,  made  extensive  collec¬ 
tions  of  Illinois  plants.  Several  species 
of  Illinois  plants  are  known  only  from 
his  collections,  among  which  is  Scirpus 
cespitosus  var.  callosus.  Only  two  speci¬ 
mens  of  Scirpus  cespitosus  var.  callosus 
from  Illinois  are  known  to  exist.  One 
specimen  from  “Ringwood,”  McHenry 
County,  is  deposited  in  the  herbarium  at 
the  University  of  Illinois;  the  other 
specimen  from  “Spring  Grove/’  Mc¬ 
Henry  County,  is  deposited  in  the  her¬ 
barium  of  the  Chicago  Natural  History 
Museum.  In  view  of  the  interval  since 
the  last  reported  collection  of  this  spe¬ 
cies  in  Illinois,  the  following  informa¬ 
tion  seems  pertinent. 


The  typical  Scirpus  cespitosus  is  a 
plant  of  lowland  Europe  and  differs 
from  var.  callosus  in  having  a  more 
scarious  margin  around  the  orifice  of 
the  upper  sheath,  purple  spikelets  6-8 
mm  long,  more  flowers,  and  with  the 
perianth-bristles  antrorsely  barbellate. 
The  habitat  of  Scirpus  cespitosus  var. 
callosus  is  peat  bogs  such  as  those  that 
occur  in  northeastern  Illinois. 

On  May  28,  1965,  the  author  collected 
Scirpus  cespitosus  var.  callosus  along 
the  edge  of  Turner  Lake,  Chain  O’Lakes 
State  Park,  Lake  County,  Illinois.  This 
makes  the  third  known  collection  of  this 
plant  in  Illinois,  the  first  in  over  one 
hundred  years,  and  the  first  from  Lake 
County. 

The  identification  was  verified  by  Dr. 
R.  H.  Molilenbrock,  Southern  Illinois 
University. 

ILLINOIS  RECORDS:  LAKE  CO.: 
Turner  Lake,  Chain  O’Lakes  State  Park, 
May  28,  1965,  Wunderlin  2855  (SIU). 
McHENRY  CO.:  Ringwood,  Vasey  s.n. 
(ILL);  Spring  Grove,  Vasey  s.n.  (F). 

Manuscript  received  August  19,  1966. 
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SOME  UNUSUAL  LOWER  PLANTS  FROM  LUSK  CREEK 
CANYON,  POPE  COUNTY,  ILLINOIS 


A.  C.  SKOREPA  and  JERRY  A.  SNIDER 
Department  of  Botany ,  Southern  Illinois  University 


Abstract. — Sixteen  lichens,  three  mos¬ 
ses,  one  fern,  and  five  fern  allies  are  re¬ 
ported.  Thirteen  lichens  and  one  moss 
are  new  to  the  known  flora  of  Illinois. 


Lusk  Creek  Canyon,  northeast  of  Ed- 
dyville  in  Pope  County,  is  more  than  a 
beautiful  and  remote  area  of  Illinois;  it 
is  an  area  of  botanical  interest.  We 
have  visited  the  area  many  times  in 
conjunction  with  our  survey  of  southern 
Illinois  bryophytes  and  lichens,  and  it  is 
our  considered  opinion  that  the  diversity 
and  richness  of  the  Lusk  Creek  flora 
are  unrivaled  in  southern  Illinois  and 
quite  possibly  in  the  state.  No  other 
area  supports  three  species  of  Lycopo¬ 
dium ;  apparently  no  other  area  sets  as 
many  continental  distribution  limits, 
and  no  other  area  can  match  the  growth 
of  Sphagnum  that  drapes  over  and  cov¬ 
ers  extensive  areas  of  certain  canyon 
walls. 

The  species  listed  are  what  we  con¬ 
sider  to  be  rare  or  otherwise  interesting 
elements  of  the  southern  Illinois  flora; 
they  are  not  intended  as  a  comprehen¬ 
sive  list  for  the  area.  We  know  many 
of  these  plants  only  from  Lusk  Creek, 
and  attempts  at  finding  them  in  appro¬ 
priate  habitats  in  other  areas  have  met 
with  little  success.  Specimens  are  in 
the  Southern  Illinois  University  Her¬ 
barium.  Names  preceded  by  an  asterisk 
are  new  to  Illinois. 

Species  that  are  at  northern  limits 
of  their  distribution  include:  Parmelia 
caroliniana,  P.  dilatata,  P.  madagasca- 
riacea,  and  P.  tinctorum.  Species  that 
are  at  southern  distribution  limits  are: 
Leptogium  minutissimum  and  Lycopo¬ 
dium  flat) elli forme.  References  for  de¬ 
tails  concerning  the  distribution  of  these 
genera  are  Sierk,  1964  for  Leptogium , 
Wilce,  1965  for  Lycopodium ,  and  Hale, 
1965  for  Parmelia. 

For  the  determination  of  specimens 
we  are  grateful  to  Drs.  Carroll  W. 


Dodge,  Mason  E.  Hale,  Jr.,  Paul  L. 

Redfearn,  Jr.,  Herbert  A.  Sierk,  and 

John  W.  Thomson. 

Lichens 

Anzia  colpodes  (Ach.)  Stizenb.  At  the 
base  of  Quercus  sp.  in  closed  woods. 
Skorepa  2091. 

*B aeomyces  at> s olutus  Tuck.  Dots 
shaded  sandstone  and  clay  with  pink 
apothecia.  Unusually  abundant.  Sho¬ 
re  pa  729. 

* Candelaria  fibrosa  (Fr.)  Miill.-Arg.  On 
Quercus  sp.  in  dry  woods.  Hatcher 
1247s. 

*Cetraria  juniperina  (L.)  Ach.  A  spe¬ 
cies  with  southern  affinities  (Hale, 
1961).  Rare  on  the  branches  of 
Quercus  marilandica  and  Vaccinium 
arboreum  in  dry  woods.  Skorepa  627. 

*Cladonia  atlantica  Evans.  On  mostly 
shaded  sandstone  ledges.  Hatcher 
1350s  (Det.  A.  W.  Evans). 

*Coccocarpia  cronia  (Tuck.)  Vain.  A 
species  with  southern  affinities  (Hale, 
1961).  At  the  base  of  Quercus  alba 
in  closed  woods.  Skorepa  518. 

*Lecanora  hypoptoides  Nyl.  On  Dio- 
spyros  virginiana.  Skorepa  507. 

*Lecanora  minutella  Nyl.  On  Diospyros 
virginiana.  Skorepa  1607. 

Leptogium  minutissimum  (Florke)  Fr. 
With  Gollema  subfurvum  on  Quercus 
alba  in  dry  woods.  Skorepa  1814 - 

*Parmelia  caroliniana  Nyl.  At  the  base 
of  Juniperus  virginiana  on  a  dry 
bluff  top.  Skorepa  571. 

*Parmelia  dilatata  Vain.  On  Quercus  sp. 
in  dry  woods.  Skorepa  931. 

*  Parmelia  madagascariacea  (Hue)  Abb. 
Forms  large  rosettes  on  sandstone  in 
dry  woods.  Skorepa  520. 

*Parmelia  tinctorum  Nyl.  With  P.  mada¬ 
gascariacea  on  sandstone  in  dry 
woods.  Skorepa  524- 
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Ramalina  fastigiata  (Pers.)  Acli.  Rare 
and  poorly  developed  on  twigs  of 
Ulmus  alata  with  Usneci  mutabilis  in 
dry  woods  inside  the  hairpin  curve. 
Skorepa  621. 

*Ramalina  intermedia  Del.  ex  Nyl.  On 
sandstone  near  the  creek — full  sun  to 
light  shade,  rarely  inundated,  and 
on  dry  but  fully  shaded  sandstone 
high  above  the  creek.  Skorepa  2092. 

*Usnea  mutabilis  Stirt.  Rare  on  bluff 
top  trees,  mostly  Juniperus  virgini- 
ana.  Skorepa  621. 

Mosses 

*Dicranum  spurium  Hedw.  A  species 
with  northern  affinities  (Redfearn, 
Pers.  Comm.).  Rare  on  moist,  shaded 
sandstone  ledges.  Hatcher  831. 

Sphagnum  compactum  Lam.  &  DC. 
Abundant  on  shaded  sandstone  walls 
above  the  creek;  occasional  on  dry 
bluff  tops  in  full  sun.  Many  fruiting 
specimens  found  in  May  and  June. 
Snider  121. 

Sphagnum  tenerum  Sull.  &  Lesq.  Also 
reported  from  Clark  County  in  Illi¬ 
nois  (Arzeni,  1947).  Abundant  on 
north-facing  canyon  walls;  also  form¬ 
ing  reddish  to  deep  red  patches  in 
mesic  hill-woods  above  the  creek.  Not 
found  in  fruit.  Snider  113. 


Ferns  and  Fern  Allies 

D  ennstaedtia  punctilobula  (Miclix.) 
Moore.  A  rare  fern  also  known  from 
Wabash  County  in  Illinois  (Mohlen- 


brock,  Pers.  Comm.).  On  north-fac¬ 
ing  sandstone  ledge.  Bailey  &  Swayne 
2759. 

Ly copo dium  flabelliforme  ( Fern. ) 
Blanchard.  Also  known  from  Ogle 
County  in  Illinois  (Mohlenbrock, 
Pers.  Comm.).  Rare  on  moist  sand¬ 
stone  ledges  above  the  creek.  Voigt 
&  Swayne  1170. 

Lycopodium  lucidulum  Michx.  Rare  in 
deep  woods.  Hopkins  27. 

Lycopodium  porophilum  Lloyd  &  Un- 
derw.  Rather  aboundant  on  moss- 
covered  sandstone  in  deep  shade. 
Skorepa  1707. 

Isoetes  butleri  Engelm.  In  depressions 
of  sandstone  bluff  tops.  Hopkins  59. 

Selaginella  apoda  (L.)  Spreng.  Op  a 
moist  stream  bank.  Hopkins  121. 

Literature  Cited 

Arzeni,  C.  B.  1947.  Some  Bryophytes  of 
Coles  and  Clark  Counties.  Trans.  Ill. 
State  Acad.  Sci.  40:  44-49. 

Hale,  M.  E.  Jr.  1961.  Lichen  Handbook. 
Smithsonian  Institution.  Washington, 
D.  C. 

- .  1965.  A  Monograph  of  Par- 

melia  Subgenus  Amphigymnia.  Con- 
trib.  U.  S.  Nat.  Herb.  36:  193-358. 

Sierk,  H.  A.  1964.  The  Genus  Leptogium 
in  North  America  North  of  Mexico. 
Bryol.  67:  245-317. 

Wilce,  J.  H.  1965.  Section  Gomplanata 
of  the  Genus  Lycopodium.  Beihefte 
zur  Nova  Hedwigia.  19.  J.  Cramer. 
Weinheim. 

Manuscript  received  August  10,  1966. 


GREAT  HORNED  OWL,  BUBO  VIRGINIANUS,  AND  BARRED  OWL, 
STRIX  V ARIA  ON  AN  ILLINOIS  RIVER  HERONRY 


RICHARD  G.  BJORKLUND,  JAMES  P.  MILLER,  and  ADAM  SZLUHA 

Bradley  University,  Peoria 


Abstract. — As  a  result  of  logging,  two 
species  of  owls  have  been  brought  into 
significant  conflict  with  three  species  of 
herons  on  an  Illinois  River  heronry. 


A  study  of  the  ecology  of  a  heronry 
located  on  a  natural  levee  between  Wor¬ 
ley  Lake  and  the  Illinois  River,  just 
north  of  Pekin  Illinois  was  initiated  in 
the  spring  of  1962.  Three  species,  Great 
Blue  Heron,  Ardea  herodias;  Common 
egret,  Gasmerodius  aid  us ;  and  Black- 
crowned  night  Heron,  Nycticorax  nycti- 
corax,  nest  in  this  colony.  Intensive 
study  of  the  area  has  been  continuous  to 
the  present,  and  all  trees  with  heron 
nests  have  been  marked  with  numbered 
sheet  metal  tags.  Logging  took  place  at 
the  north  margin  of  the  heronry  during 
the  autumn  and  winter  of  1962-63.  Log¬ 
ging  by  the  “clear  cutting”  method  con¬ 
tinued  intermittently  through  the  winter 
of  1965-66.  The  logging  was  unexpected, 
and  has  provided  an  opportunity  to 
evaluate  this  kind  of  disturbance.  Log¬ 
ging  has  destroyed  most  of  the  nesting 
habitat  of  the  two  species  of  owls  known 
to  be  present  in  the  area,  and  has  also 
caused  all  three  species  of  herons  to 
abandon  nests  located  near  the  logged 
margin  of  the  heronry.  The  direct 
measureable  effects  of  logging  on  the 
nesting  heron  population  are  still  being- 
evaluated.  This  note  details  one  of  the 
subtle  indirect  effects  of  the  logging. 

Personal  observation  as  well  as  re¬ 
ports  from  students  who  have  assisted 
in  the  study  of  the  Worley  Lake  Her¬ 
onry,  have  established  that  both  the 
Great  Horned  Owl,  Budo  virginianus, 
and  the  Barred  Owl,  Strix  varia ,  fre¬ 
quent  the  river  bottom  near  Worley 
Lake.  While  the  Great  Horned  Owl  is 
typically  a  resident  of  the  drier  hillside 
Oak-Hickory  forest  climax,  and  the  Bar¬ 
red  Owl  of  the  river  bottom  forest, 
factors  other  than  logging,  including 
urbanization  and  industrial  and  agri¬ 


culture  practices,  along  with  local  topo¬ 
graphic  features,  have  apparently  elimi¬ 
nated  the  usual  habitat  distinction  of 
these  two  species  of  owls  in  the  Worley 
Lake  area.  In  general,  the  Great  Horned 
Owl  serves  as  the  nocturnal  counterpart 
of  the  Red  Tailed  Hawk,  Bueto  jamaicen- 
sis  and  the  Barred  Owl  is  the  nocturnal 
counterpart  of  the  Red-Shouldered 
Hawk,  Buteo  lineatus.  Both  of  these 
species  of  hawks,  have  been  observed  at 
Worley  Lake. 

Barred  Owls  have  been  observed  less 
than  one  half  mile  north  of  the  heronry 
on  numerous  occasions  since  1963.  Al¬ 
though  no  nests  were  actually  located, 
at  least  one  apparent  den  tree,  a  forty 
inch  (D.B.H.)  silver  maple  was  kept 
under  surveillance  during  the  years 
1963  through  1965.  During  the  winter 
of  1965-66,  this  tree  was  a  victim  of  log¬ 
ging  and,  on  4  March  1966  an  adult 
Barred  Owl  was  found  dead  from  un¬ 
known  causes  at  the  margin  of  the  log¬ 
ged  area  about  one  fourth  of  a  mile 
north  of  the  presumed  den  tree.  Several 
times  during  the  spring  of  1964,  a  Bar¬ 
red  Owl  was  observed  to  light  briefly 
in  the  heronry  proper.  The  presence  of 
the  owl  caused  a  great  commotion  among 
the  herons.  However,  at  no  time  dur¬ 
ing  these  observations,  made  from  an 
elevated  blind  during  very  early  morn¬ 
ing  hours,  was  a  Barred  Owl  seen  to 
attack  a  heron. 

Great  Horned  Owls  have  also  been  ob¬ 
served  directly  on  the  heronry.  On  10 
April  1964,  two  Great  Horned  Owl  nest¬ 
lings  were  photographed  in  an  aband¬ 
oned  Great  Blue  Heron  nest.  On  14 
April  1964,  owl  pellets,  containing  the 
remains  of  small  mammals,  were  found 
under  the  same  tree  where  the  young 
were  photographed  on  10  April.  On 
19  April  1966,  a  single  immature 
Great  Horned  Owl  was  photographed 
while  sitting  on  a  silver  maple  limb 
in  the  heronry.  Adults  have  been  ob- 
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served  in  the  Herony  on  several  oc¬ 
casions  since  1963.  Although  logging- 
lias  increased  the  density  of  heron  nests 
at  Worley  Lake,  herons  were  not  utiliz¬ 
ing  the  trees  where  young  owls  were 
observed.  Great  Horned  Owls  are  known 
to  utilize  abandoned  nests  of  the  larger 
species  of  herons  (Bent  1961,  Part  Two, 
p.  300). 

The  continued  presence  of  large  owls 
on  the  Worley  Lake  Heronry,  has  pro¬ 
vided  circumstantial  evidence  that  nest¬ 
ling  Common  Egrets  may  be  victims  of 
Great  Horned  Owls.  On  the  morning  of 
16  June  1965,  nine  nestling  common 
egrets  and  one  black-crowned  night 
heron  nestling  were  found  dead.  The 
birds  had  apparently  been  dead  only  a 
few  hours.  The  egrets  were  located  in 
three  groups  of  three  birds  each,  with 
each  group  of  three  located  at  the  base 
of  a  silver  maple  tree  just  below  an 
egret  nest.  There  had  been  no  high  wind 
or  any  rain  for  several  days  prior  to 
this  discovery.  None  of  the  birds  bore 
signs  of  attack.  All  were  feathered,  one 
third  grown  nestlings,  who  appeared  to 
have  toppled  from  their  nest  and  been 
killed  in  the  sixty  to  seventy  foot  fall. 
In  the  midst  of  the  three  egret  nestlings 
found  under  tree  No.  84  was  a  large 
outer  wing  primary  feather  from  a 
Great  Horned  Owl.  It  would  appear 
that  a  Great  Horned  Owl,  by  its 
mere  presence,  if  not  direct  attack, 
frightened  the  nestling  egrets  causing 
them  to  topple  from  their  nest.  How 
often  our  field  notations  recording 
deaths  of  nestlings  from  “causes  un¬ 
known”  should  read,  “from  the  presence, 
or  attacks  by  owls”  is  unknown.  On 
20  June  1966  a  wing  primary  from  a 
Great  Horned  Owl  was  found  under  tree 
No.  297.  The  three  egret  nestlings  found 
dead  on  that  date  were  scattered,  and 
were  located  some  distance  from  the  owl 
feather.  All  appeared  to  have  been  killed 
on  falling  from  their  nests. 


Cottrille  and  Cottrille  (1958)  have  im¬ 
plicated  the  Great  Horned  Owl  in  the 
death  of  adult  Great  Blue  Herons,  though 
others,  for  example  Miller  (1944),  indi¬ 
cate  that  herons  accept  the  presence  of 
owls,  and  that  herons  and  owls  may  nest 
side  by  side.  However,  at  Worley  Lake, 
extensive  logging  at  one  margin  in  ad¬ 
dition  to  open  water  or  immature  trees 
at  all  other  margins  of  the  heronry  are 
conditions  likely  to  produce  a  sharper 
interspecific  competition  for  nest  sites. 
Ordinarily,  owls  would  probably  have  an 
insignificant  effect  on  the  Worley  Lake 
Heronry,  but  owls  deprived  of  nest  sites 
will  either  abandon  the  area  altogether 
or  utilize  available  alternatives. 

This  report  is  not  meant  to  discredit 
the  role  of  either  species  of  owl  in  the 
ecosystem  but  rather  to  document  the 
subtle  way  that  a  disturbance  such  as 
logging  may  so  restrict  wild  species, 
that  what  are  probably  occasional  minor 
conflicts,  become  significant. 
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A  TECHNIQUE  FOE  LONG  TEEM  MAINTENANCE  OF 

ALGAL  CULTUEES 
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Abstract. — A  soil-water  culture  meth¬ 
od  for  growing  algae  in  which  all  com¬ 
ponents  are  sterile  is  described.  Such 
cultures  have  remained  uncontaminated 
and  have  lasted  for  6  years  in  the  au¬ 
thor’s  laboratory. 


Pringsheim’s  (1946)  soil-water  cul¬ 
ture  method  for  growing  algae  and  fla¬ 
gellates  has  found  considerable  popu¬ 
larity  and  utility  among  algologists  and 
classroom  instructors.  In  his  method  a 
small  amount  of  a  carbohydrate  or  pro¬ 
tein  or  of  CaC03  is  placed  in  the  bottom 
of  a  glass  container;  soil  is  added,  cov¬ 
ered  with  water,  and  then  the  container 
is  capped.  The  mixture  is  placed  in  a 
warm  steam  chamber  for  3  hours;  but 
the  liquid  is  not  allowed  to  boil,  since 
complete  sterilization  is  not  intended. 
The  surviving  bacteria  and  other  micro¬ 
organisms  are  said  to  aid  in  the  slow 
release  of  essential  compounds  from  the 
soil. 

In  accord  with  Pringsheim’s  state¬ 
ment,  cultures  prepared  by  his  method 
rarely  lasted  for  longer  than  6-12  months 
in  our  laboratory.  Those  that  did  sur¬ 
vive  this  period  usually  became  infested 
with  bacteria,  blue-green  algae,  or  tiny 
coccoid  green  algae  and  were  almost 
useless  for  teaching  and  research. 

The  author  has  developed  a  method  for 
preparation  of  soil-water  cultures  simi¬ 
lar  to  Pringsheim’s  but  in  which  all 
components  are  sterile.  The  method  has 
been  successfully  used  to  maintain  some 
30  genera  of  green  and  blue-green  algae. 
Growth  was  abundant,  contamination 
was  rare  and  algal  morphology  was  not 


affected.  Such  cultures  have  been  main¬ 
tained  for  as  long  as  six  years,  and  have 
found  considerable  use  in  our  classrooms 
and  in  our  research. 

The  method  is  as  follows:  A  250  ml 
erlenmeyer  flask  is  usually  chosen  for 
the  container,  but  any  glass  container 
will  do  as  well.  A  small  amount  of 
CaC03  is  placed  in  the  flask,  rich  soil  is 
added  to  a  depth  of  one  inch,  and  the 
flask  is  capped  with  aluminum  foil.  The 
mixture  is  then  sterilized  in  an  auto¬ 
clave  for  20  minutes  at  15  lbs  pressure. 
Then  cold  sterile  distilled  water  is  added 
to  the  flask  so  that  the  water  level  rises 
about  one  inch  above  the  surface  of  the 
soil.  Finally,  the  flask  is  inoculated  with 
the  algae.  All  operations  involving  the 
removal  of  the  aluminum  cover  should 
be  performed  in  a  sterile  chamber  or  in 
a  dust  free  room. 

The  only  maintenance  necessary  is  the 
occasional  addition  of  sterile  distilled 
water  to  offset  evaporation.  With  fast 
growing  filamentous  forms,  periodic  re¬ 
moval  of  most  of  the  filaments  served  to 
prevent  overcrowding. 

Soil  and  water  were  not  sterilized  to¬ 
gether  in  the  flask  as  this  resulted  in  a 
cloudy  and  somewhat  darkened  culture 
liquid. 

Literature  Cited 

Pringsheim,  E.  G.  1946.  The  biphasic  or 
soil-water  culture  method  for  growing 
algae  and  flagellata.  J.  Ecol.  33:193- 
204. 

Manuscript  received  October  15,  I960. 


[  109  ] 


A  COMPUTER 


PROGRAM  FOR  DENSITY 


MEASUREMENTS 


JERRY  D.  DRENNAN  and  BORIS  MUSULIN 
Southern  Illinois  University,  Garhondale 


Abstract. — A  computer  program  is 
presented  for  use  in  an  elementary  physi¬ 
cal  chemistry  problem,  i.e.,  the  calcu¬ 
lation  of  density.  The  program  auto¬ 
matically  tests  for  erroneous  data  and 
calculates  pertinent  errors. 


In  recent  years  there  lias  been  a  trend 
toward  the  use  of  digital  computers  in 
the  various  areas  of  chemistry,  partic¬ 
ularly,  physical  chemistry  [Kieffer 
(1965)].  The  purpose  of  this  paper  is 
to  present  a  program  which  was  devel¬ 
oped  for  use  in  undergraduate  research. 
This  program  is  of  a  fundamental  na¬ 
ture  and  would  find  direct  applications 
in  undergraduate  physical  chemistry 
and  freshman  and  secondary  school 
honors  courses  in  chemistry  as  well  as 
undergraduate  research. 

Description  of  the  Program 

The  program  is  written  in  FORTRAN 
II  (IBM,  1962)  for  the  IBM  1620  com¬ 
puter  with  40K  storage.  A  monitor 
IBM  PR  025  was  used. 

This  program  was  designed  for  use 
in  conjunction  with  the  pycnometer 
technique  of  determining  specific  gravi¬ 
ties  [Weissberger,  (1959),  Chapter  IV]. 
The  program  calculates  specific  gravity 
and  density  from  experimental  weights. 
It  also  calculates  the  same  quantities 
after  individual  weight  corrections  for 
buoyancy  are  made.  Therefore,  the  pro¬ 
gram  is  capable  of  fifth  decimal  accuracy 
if  the  weighings  warrant  such  accuracy. 
The  output  is  coded  so  that  the  answers 
may  be  sorted  by  calculation  type  if 
the  user  prefers  this  form. 

The  program  input  requires  two  para¬ 
meter  values,  the  density  of  the  refer¬ 


ence  at  the  temperature  of  measurement, 
the  tare  weighing,  and  the  individual 
pycnometer  readings.  The  parameters 
indicate  the  number  of  sets  of  measure¬ 
ments  upon  one  sample  and  the  number 
of  readings  in  a  set.  The  two  para¬ 
meters  allow  flexibility  in  combining 
measurements  made  at  different  times. 
The  user  determines  whether  the  output 
yields  relative  or  absolute  densities  by 
the  choice  of  the  reference  density.  The 
reference  density  is  used  only  once  for 
all  measurements  at  a  fixed  temperature 
but  the  tare  reading  must  accompany 
each  set  of  measurements. 

The  mean  error  and  the  probable  er¬ 
ror,  based  upon  a  Gaussian  distribu¬ 
tion  function,  for  a  set  of  observations 
are  calculated  [Daniels,  et.  al.,  (1962), 
Chapter  18]  although  only  the  probable 
error  is  obtained  in  the  normal  output. 
Thus,  for  each  physical  quantity  ob¬ 
tained  in  the  program,  one  is  able  to 
predict  with  50%  probability,  the  range 
wherein  a  new  set  of  measurements 
would  occur.  It  is  to  be  noted  that  the 
degrees  of  freedom  (the  number  of  ob¬ 
servations)  is  reduced  by  one  to  ac¬ 
count  for  the  fact  that  all  errors  are 
calculated  with  respect  to  a  mean  value. 

The  average  deviation  for  a  single 
measurement  in  a  set  of  measurements 
is  also  calculated.  This  value  is  used 
as  a  means  of  testing  for  observations 
which  may  be  rejected  upon  statistical 
grounds.  The  program  rejects  all  read¬ 
ings  which  are  greater  than  four  times 
the  average  deviation  from  the  mean 
I  Pierce  and  Haenisch  (1948),  pp.  52-53  ]. 
This  criterion  is  a  modification  of  the 
statistically  rigorous  Chauvenet’s  Cri¬ 
terion  [Worthing  and  Geffner  (1943), 
pp.  170-171]. 


[  no  ] 


o  o 


Notes 
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The  Program 

CALCULATION  OF  DENSITY,  SPECIFIC  GRAVITY,  AND  ERRORS 
CONTROL  CARDS  TO  CALL  FOR  FORTRAN  II 
340003200701360003200702490240251 196361 1 300102 
ZZJOB  5 

C  CONTROL  CARD  TO  LOAD  SUBROUTINES  INTO  CORE 
ZZFORX5400 

C  CONTROL  CARD  TO  RESERVE  10  SPACES  FOR  FLOATING  DECIMAL 
C  NUMBERS  AND  8  SPACES 
C  FOR  FIXED  DECIMAL  NUMBERS 
*FAN  DK2008 

DIMENSION  DDR (50) ,  AW(50),  DR(50),TDL(100),  AWR(50),  P(100) 

C  INPUT  OF  DENSITY  OF  WATER  (REFERENCE)  AND  DENSITY  OF  WATER 
C  (REFERENCE)  IN  VACUO  FOR  THE  TEMPERATURE  AT  WHICH  DATA 
C  WAS  TAKEN 

READ  39,  DHOH,DHOH V 
39  FORMAT  (2F10.5) 

18  FORMAT  (13) 

C  INPUT  OF  A  PARAMETER  DESCRIBING  HOW  MANY  SAMPLES  IN 
C  ALL  SETS  OF  DATA 
21  READ  18, M 

C  INITIALIZATION  OF  VARIABLES 
JQQz=0 
LQQ=0 
KQQ—O 
LQ=0 
JPQ  =  0 
KQ— O 
AT  — O 
BWR  O 
L-0 

C  LOOP  TO  CALCULATE  SUM  OF  SAMPLE  WEIGHTS  FOR  ALL  SETS 
DO  19  J  —  1,M 

C  INPUT  OF  A  PARAMETER  DESCRIBING  HOW  MANY  SAMPLES  IN 
C  THE  SET  OF  DATA  TO  BE  TREATED 
READ  18, N 

C  INPUT  OF  A  TARE  WEIGHT  AND  AN  ID  FOR  USE  IN  SORTING  OF 
C  ANSWERS 

READ  2,  TD,JQ 
2  FORMAT  ( F10.5,  13) 

C  INITIALIZATION  OF  VARIABLES 
AW  R  ( J )  =0 
LA  — O 

C  LOOP  TO  CALCULATE  SUM  OF  SAMPLE  WEIGHTS  FOR  ONE  SET 
DO  9  1  =  1, N 

C  INPUT  OF  WEIGHT  OF  SPECIFIC  BOTTLE  FILLED  WITH  SAMPLE 
C  AND  ID 

READ  2,  DR  (I),  JQ 
L—  L  +  1 

C  CALCULATION  OF  WEIGHT  OF  SAMPLE  IN  SPECIFIC  BOTTLE 
DDR(I)  =  DR(I) — TD 
C  STORAGE  OF  SAMPLE  WEIGHTS 
TDL(L)  =  DDR(I) 

C  CALCULATION  OF  CUMULATIVE  SUM  OF  WEIGHTS  FOR  SET 
9  A W R ( J )  —  AW R(J)-f DDR(I) 

C  END  OF  LOOP  FOR  A  SINGLE  SET 

C  CALCULATION  OF  CUMULATIVE  SUM  OF  WEIGHTS  FOR  ALL  SETS 

19  BWR=BWR-f AWR(J) 

C  END  OF  LOOP  FOR  ALL  SETS 

C  CHANGE  OF  INTEGER  (TOTAL  NUMBER  OF  SAMPLES)  TO  FLOAT- 
C  ING  DECIMAL  NUMBER 
AL=L 
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C  CALCULATION  OF  AVERAGE  SAMPLE  WEIGHT 
A  AW  =  B  W  R/AL 
C  INITIALIZATIONS 
PP— O. 

SS  — O 
PS=0 

C  LOOP  TO  CALCULATE  SUM  OF  DEVIATIONS  AND  SUM  OF  THE 
C  SQUARE  OF  THE  DEVIATIONS 
88  DO  4  K  =  1,L 

C  BRANCH  TO  PREVENT  THE  TREATMENT  OF  THE  TARE  AS 
C  A  SAMPLE 

IF  (TDL(K) )  7,8,7 

C  IF  SAMPLE  WEIGHT  IS  ZERO,  SET  THE  DEVIATION  TO  ZERO 
C  AND  PROCEED  DIRECTLY  TO  CUMULATIVE  SUM 
8  P(  K)=0 
GO  TO  4 

C  CALCULATE  THE  DEVIATION  AS  THE  ABSOLUTE  DIFFERENCE 
C  OF  A  SAMPLE  WEIGHT  AND  AVERAGE  SAMPLE  WEIGHT 
7  P(  K)  =  ABSF(  AAW — TDL(  K) ) 

C  CALCULATE  THE  SQUARE  OF  THE  DEVIATION 

PS  —  P(K)**2 

C  CALCULATE  THE  CUMULATIVE  SUM  OF  THE  SQUARE  OF  THE 
C  DEVIATIONS 

SS  =  SS+PS 

C  CALCULATE  THE  CUMULATIVE  SUM  OF  THE  DEVIATIONS 
4  PP  =  PP+P(K) 

C  END  OF  LOOP  OF  REGARDING  CUMULATIVE  SUMS  OF  FUNCTIONS 
C  OF  DEVIATIONS 

C  CALCULATE  THE  AVERAGE  DEVIATION 
DV  — PP/AL 

C  CALCULATE  FOUR  TIMES  THE  AVERAGE  DEVIATION 
FDV=4.0*DV 

C  LOOP  TO  DISCARD  SAMPLE  READINGS  WHICH  ARE  OUTSIDE  THE 
C  PROPER  LIMITS 
DO  75  J  — 1,L 

C  BRANCH  ON  COMPARISON  OF  INDIVIDUAL  DEVIATION  AND  FOUR 
C  TIMES  THE  AVERAGE  DEVIATION 

IF  ( FDV— ABSF  ( P  ( J) ) )  77,77,78 

C  PUNCH  ON  CARD  ANY  SAMPLE  READING  WHICH  IS  DISCARDED 

77  PUNCH  2,  TDL(J),  JQ 

C  IF  SAMPLE  WEIGHT  IS  DISCARDED,  CHANGE  THAT  READING 
C  TO  ZERO 

TDL(J)=0.0 

C  COUNT  THE  NUMBER  OF  DISCARDS 
LA  =  LA+1 

C  CALCULATE  A  NEW  SUM  OF  SAMPLE  WEIGHTS,  AFTER  DISCARD 

78  AT=AT -f TDL(J) 

75  CONTINUE 

C  CALCULATE  A  NEW  TOTAL  NUMBER  OF  SAMPLES,  AFTER  DISCARD 
BL=L— LA 

C  CALCULATE  A  NEW  AVERAGE  SAMPLE  READING 
BAW  =  AT/BL 

C  BRANCH  ON  TEST  TO  SEE  IF  DISCARD  WAS  SIGNIFICANT 
IF  ( ( ABSF  (AAW — BAW) — 0.00005) )  89,89,87 
C  CHANGE  OF  ID  NUMBER 
87  KQ=KQ  +  1 

91  FORMAT  ( FI 0.5,  F10.5,  13) 

C  PUNCH  ON  CARD  THE  AVERAGE  SAMPLE  WEIGHT,  THE  DEVIATION, 
C  AND  THE  ID  IF  THE  DISCARD  PROCESS  IS  NOT  SIGNIFICANT 
PUNCH  91,  AAW,  DV,  KQ 
C  REPEAT 

AAW  — BAW 
C  INITIALIZATIONS 
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AT— O 
PP— O 

ss=o 

PS=0 
AL— BL 
GO  TO  88 

C  CALCULATION  OF  MEAN  ERROR 

89  AM  E  =  SQRTF(SS/ (BL* ( BL — 1.0) ) ) 

C  CALCULATION  OF  PROBABLE  ERROR 
APE=.6745*AME 

C  BRANCH  ON  TEST  OF  ID  TO  DISTINGUISH  SUBSTANCE  FROM 
C  WATER ( REFERENCE) 

I  F(JQ— 2)35,45,45 

C  STORE  WATER  (REFERENCE)  RESULTS 
35  A AW  H=A  AW 
AM  E  H  — AM  E 
APEH  =  APE 

3  FORMAT  ( F10.5,  F10.5,  F10.5,  F10.5,  13) 

C  PUNCH  ON  CARD  THE  AVERAGE  SAMPLE  WEIGHT,  DEVIATION,  MEAN 
C  ERROR,  PROBABLE  ERROR,  AND  ID,  IF  THE  SAMPLE  IS  WATER  (REF- 
C  ERENCE) 

PUNCH  3,  AAWH,  DV,  AM  EH,  APEH,  JQ 
C  RETURN  FOR  NEXT  SET(S)  OF  DATA 
GO  TO  21 

C  PUNCH  ON  CARD  THE  AVERAGE  SAMPLE  WEIGHT,  DEVIATION,  MEAN 
C  ERROR,  PROBABLE  ERROR,  AND  ID,  IF  THE  SAMPLE  IS  NOT  WATER 
C  (REFERENCE) 

45  PUNCH  3,  AAW,  DV,  AME,  APE,  JQ 
C  CALCULATION  OF  SPECIFIC  GRAVITY 
SPGR  — AAW/AAWH 

C  CALCULATION  OF  PROBABLE  ERROR  OF  SPECIFIC  GRAVITY 
SGPE—  (SQRTF((  AAW- APE  H/AAWH)**2  +  APE**2)) /AAWH 
C  CALCULATION  OF  DENSITY 
D— SPGR*DHOH 

C  CALCULATION  OF  PROBABLE  ERROR  OF  DENSITY 
DPE=DHOH*SGPE 

C  STORAGE  OF  SAMPLE  WEIGHT  (BOTH  SUBSTANCE  AND  WATER 
C  (REFERENCE)) 

AAWQ-AAW 
AAWHQ=AAW  H 
DQ=D 

C  CALCULATION  OF  WEIGHT  OF  SUBSTANCE  IN  VACUO 
58  AAWV=AAWQ+(0.0012*AAWQ)*((1./DQ)  —  (.119)) 

C  CALCULATION  OF  WEIGHT  OF  WATER  (REFERENCE)  IN  VACUO 
AAWHV-  AAWHQ-f-  (0.0012*A  A  W  HQ)*((1./DHOH)  —  (.119)) 

C  CALCULATION  OF  DENSITY  IN  VACUO 
DVAC— (AAWV/AAWHV)*DHOHV 
C  CALCULATION  OF  SPECIFIC  GRAVITY  IN  VACUO 
SPGV  — AAWV/AAW  H  V 

C  CALCULATION  OF  SPECIFIC  VOLUME  IN  VACUO 
SV  AC  — 1  ./DV  AC 

C  CALCULATION  OF  PROBABLE  ERROR  OF  SPECIFIC  VOLUME  IN 
C  VACUO 

SVPE=DPE/DVAC**2 
63  FORMAT  (F10.5,  F10.5,  14) 

C  EACH  PUNCH  STATEMENT  IS  FOLLOWED  BY  CREATION  OF  A 
C  NEW  ID 

56  JQQ=JQ  +  100 

C  PUNCH  ON  CARD  THE  DENSITY,  PROBABLE  ERROR,  AND  ID 
PUNCH  63,  D,  DPE,  JQQ 
KQQ— JQ  +  200 

C  PUNCH  ON  CARD  THE  SPECIFIC  GRAVITY,  PROBABLE  ERROR, 
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C  AND  ID 

PUNCH  63,  SPG R,  SGPE,  KQQ 
LQQ  — JQ  +  300 

C  PUNCH  ON  CARD  THE  DENSITY  OF  VACUO,  PROBABLE  ERROR, 

C  AND  ID 

PUNCH  63,  DV AC,  DPE,  LQQ 
JPQ  — JQ  +  500 

C  PUNCH  ON  CARD  THE  SPECIFIC  GRAVITY  IN  VACUO,  PROBABLE 
C  ERROR,  AND  ID 

PUNCH  63,  SPG V,  SGPE,  JPQ 
LQ  =  JQ  +  400 

C  PUNCH  ON  CARD  THE  SPECIFIC  VOLUME  IN  VACUO,  PROBABLE 
C  ERROR,  AND  ID 

PUNCH  63,  SVAC,  SVPE,  LQ 
JQJ  =  JQ  +  500 
44  FORMAT  (15,  15) 

C  PUNCH  ON  CARD  THE  TOTAL  NUMBER  OF  SAMPLES  USED  IN 
C  FINAL  CALCULATION  AND  ID 
PUNCH  44,  BL,  JQJ 

C  RETURN  FOR  NEXT  SET(S)  OF  DATA 
GO  TO  21 
END 
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THE  LOSSEN  REARRANGEMENT  OF  D-GLUCONIC  ACID 


J.  N.  BeMILLER  and  G.  T.  WISELY 
Department  of  Chemistry,  Southern  Illinois  University,  Carhondale 


Abstract.  —  A  procedure  was  devel¬ 
oped  for  the  Lossen  rearrangement  of 
a  carbohydrate.  D-Glucono-1, 5-lactone 
(I)  was  reacted  with  hydroxylamine  to 
give  the  hydroxamic  acid  (I)  which 
was  converted  to  the  2,4-dinitrophenyl 
ester  (III)  with  l-fluoro-2, 4-dinitroben¬ 
zene  (DNFB).  Upon  heating  the  ester 
in  neutral  or  alkaline  solution,  rear¬ 
rangement  occurred.  Chromatography 
indicated  two  products,  D-gluconic  acid 
(I)  and  D-arabinose  (IV)  which  was 
identified  as  its  benzoylylidrazone. 


The  Lossen  rearrangement  in¬ 
volves  heating  an  O-acyl  ester  of  a 
hydroxamic  acid,  usually  in  alkaline 
solution,  to  yield  products  derived 
from  the  corresponding  isocyanate. 
These  products  can  be  an  amine  plus 
carbon  dioxide,  a  urea,  a  urethan,  or 
an  amide.  The  reaction  as  originally 
reported  by  Lossen  (1872)  is  that  of 
rearrangement  of  the  O-acyl  ester  of 
a  hydroxamic  acid  to  yield  the  cor¬ 
responding  amine  with  one  less  car¬ 
bon  atom. 

Many  examples  of  the  Lossen  re¬ 
arrangement  have  been  reported 
and  reviewed  (Smith,  1963).  The 
effectiveness  of  the  acyl  group  in 
promoting  rearrangement  of  O-acyl- 
hydroxamic  acids  appears  to  be  pro¬ 
portional  to  the  anionic  stability  of 
the  acylating  acid.  In  many  cases, 
acylation  under  basic  conditions  is 
followed  so  rapidly  by  rearrange¬ 
ment  that  the  0-acylhydroxamic 
acid  cannot  be  isolated,  so  that  the 


rate-determining  step  is  frequently 
acylation  (Smith,  1963).  The  acyl 
group  may  be  carboxyl,  2,  4-dinitro- 
plienyl  (Seifter  et  ah,  1960;  Gallop 
et  al.,  1960),  sulfonyl,  or  phosphoryl 
(Hackley  et  al.,  1955). 

No  work  has  been  reported  of  the 
Lossen  rearrangement  of  carbohy¬ 
drates.  However,  it  is  known  that 
aldehydes  arise  from  alpha-hydroxy 
acids ;  rearrangement  occurs  nor¬ 
mally,  but  alphahydroxy  isocyanates 
spontaneously  eliminate  cyanic  acid 
to  form  carbonyl  compounds  (Jones 
and  Power,  1934).  It  has  been  pro¬ 
posed  that  the  electron  attracting 
isocyanate  group  renders  the  hy¬ 
droxyl  hydrogen  acidic  and  that  the 
isocyanate  group  is  eliminated  to 
give  the  aldehyde  directly  (Haworth 
et  al.,  1938). 

When  a  gamma-hydroxyl  group 
is  present,  normal  rearrangement 
occurs,  but  reaction  between  the  hy¬ 
droxyl  and  isocyanate  groups  pro¬ 
duces  cyclic  urethans  (oxazolidones) 
(Bergmann  and  Sulzbacher,  1951; 
Newman  and  Kutner,  1951).  Carbo¬ 
hydrate  acids  have  both  alpha-  and 
gamma-hydroxyl  groups. 

Although  the  products  of  the  Los¬ 
sen  rearrangement  of  carbohydrate 
acids  have  not  been  determined 
heretofore,  Weerman  (1917)  applied 
the  Hofmann  degradation,  which 
also  forms  isocyanates,  to  carbohy- 
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cl  rate  acid  amides  to  produce  the 
next  lower  sugars.  Haworth,  Peat, 
and  Whetstone  (1938),  elaborating 
on  earlier  work  (Irvine  and  Pryde, 
1924;  Humphreys,  1931),  found  that 
the  action  of  aqueous  hypochlorite 
(Weerman  degradation)  on  2, 3,5,6- 
and  2,3,4, 6-tetra  -  0  -  methyl-D-gluco- 
namide  yielded  cyclic  urethans  con- 
taming  6-  and  7-membered  rings, 
respectively.  Cold  dilute  alkali  de- 
composed  the  cyclic  urethan  to  the 
next  lower  sugar.  Reaction  with  3,5, 
6-tri-O-methyl-D-gluconamide,  which 
has  hydroxyl  groups  at  C-2  and  C-4, 
yielded  2,4,5-tri-O-methyl-aWe/ii/do- 
D-arabinose  and  cyanate;  no  cyclic 
urethan  could  be  isolated,  inferring 
that  elimination  is  more  rapid  than 
urethan  formation.  Likewise,  penta- 
O-methyl-D-gluconamide  yielded  te- 
1  ra-()-methyl-r//dc/r?/do-D-arabinose. 
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Methods 

Preparation  of  the  Sodium  Hydroxa- 
mate  (II)  of  D-Glucono-1, 5-lactone  (I). — 
3.0  g  (1.7  x  10'2  moles)  of  D-glucono-1,5- 
lactone  was  dissolved  in  20  ml  of  water 
and  to  this  solution  was  added  2.9  g 
(4.2  x  10'2  moles)  of  hydroxylamine 
hydrochloride.  The  mixture  was  stirred 
at  room  temperature  and  2 N  sodium 
hydroxide  solution  (about  22  ml)  was 
added  dropwise  until  the  pH  reached 
8.1.  Sodium  n-gluconohydroxamate  sep¬ 
arated  as  a  semi-crystalline  solid  when 
methanol  was  added  to  a  concentration 
of  90%.  The  product  gave  a  hydroxamic 
test  with  acidic  ferric  chloride  solution. 

Dinitrophenylation  of  Sodium  D-Glu- 
eonohydroxamate  (II). — 200  mg  (9.5  x 
10'4  moles)  of  the  hydroxamate  (II) 
was  dissolved  in  30  ml  of  3%  sodium 
chloride  solution.  A  solution  of  1.0  g. 
of  l-fluoro-2, 4-dinitrobenzene  (DNFB) 
dissolved  in  20  ml  of  95%  ethanol  was 
added.  The  pH  of  the  mixture  was  held 
at  7.5  with  sodium  hydroxide  solution 
until  the  drop  in  pH  became  very  slow. 
The  dinitrophenylated  product  was  not 
isolated. 

Los.sen  Rearrangement. — The  mixture 
from  the  dinitrophenylation  was  heated 
30  min  on  a  steam  bath.  The  solution 
was  extracted  three  times  with  ether 
and  once  with  n-hexane  to  remove  ex¬ 
cess  l-fluoro-2, 4-dinitrobenzene  and  2,4- 
dinitrophenol. 

Chromatography  of  Products. — Paper 
chromatography  with  1-propanol-ethyl 
acetate-water  (7:1:4  v/v)  revealed  three 
reaction  products  after  spraying  the 
chromatogram  with  the  silver  nitrate 
spray  reagent  of  Trevelyan  et  al.  (1950). 
One  of  these  components  had  the  same 
R  value  as  arabinose,  the  other  two 
corresponded  to  the  two  products  ob¬ 
tained  when  D-gluconolactone  is  dis¬ 
solved  in  0.05A  sodium  hydroxide  solu¬ 
tion.  The  component  corresponding  to 
arabinose  gave  a  positive  aldopentose 
test  when  the  chromatogram  was 
sprayed  with  3%  p-anisidine  hydrochlo¬ 
ride  in  1-butanol-ethanol-water  (4:1:1 
v/v). 

Identification  of  D-AraVinose  (IV). — 
The  reaction  mixture  was  saturated  with 
benzoylliydrazine  and  kept  48  hr  at 
room  temperature.  Water  was  removed 
under  reduced  pressure,  and  the  solid 
was  dissolved  in  absolute  ethanol.  Crys¬ 
tals  of  D-arabinose  benzoylhydrazone 
were  washed  with  absolute  ethanol  and 
dried  at  100°.  The  compound  decom¬ 
posed  at  194-198°:  reported  decomposi- 
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tion  point  186-190°  (Hirst  et  al.,  1947). 
Standard  L-arabinose  benzoylhydrazone 
was  made  and  decomposed  at  194-199°. 

Quantitative  Determination  of  D-Ara- 
binose. — Starting  with  200  mg  of  D- 
gluconohydroxamic  acid,  the  procedure 
described  above  was  followed.  After  the 
extractions  with  ether  and  n- hexane, 
the  reaction  mixture  was  diluted  to  1 
liter  with  pH  7.0  citrate-phosphate  buf¬ 
fer.  Five-ml.  aliquots  of  this  solution 
were  pipetted  into  three  test  tubes,  and 
5  ml  of  Bial  orcinol  reagent  (0.1% 
FeCl3  and  0.1%  orcinol  in  cone.  HC1) 
was  added.  The  tubes  were  heated  45 
min  in  a  boling  water  bath.  Spectro- 
photometric  readings  were  taken  at  590 
m^t  and  670  m^.  The  readings  corre¬ 
sponded  to  a  total  yield  of  10  mg  of 
arabinose  as  determined  from  a  standard 
curve. 

Discussion 

Synthesis  of  hydroxamates  from 
D-glucono-1, 5-lactone  (I)  using  the 
common  alkaline  hydroxylamine  rea¬ 
gent  was  unsuccessful.  Neither  did 
reaction  with  a  reagent  prepared 
from  equimolar  amounts  of  sodium 
hydroxide  or  sodium  methoxide  and 
hydroxylamine  hydrochloride  give 
any  hydroxamate.  However,  it  was 
found  that  D-gluconohydroxamate 
(II)  could  be  prepared  in  quantita¬ 
tive  yield  from  D-glucono-1, 5-lactone 
(I)  by  generating  free  hydroxyla¬ 
mine  in  situ.  This  was  accomplished 
by  slowly  neutralizing  a  solution  of 
D-glucono-1, 5-lactone  and  hydrox¬ 
ylamine  hydrochloride. 

To  effect  Lossen  rearrangement, 
2,4-dinitroplienyl  esters  were  chosen. 
Variations  of  procedures  used  for 
non-carbohydrates  were  employed 
both  to  prepare  the  ester  and  to 
bring  about  the  rearrangement. 
Using  modifications  of  the  procedure 
of  Seifter  et  al.  (1960)  and  Gallop 
et  al.  (I960),  no  dinitrophenyl  ester 
could  be  isolated. 

The  production  of  arabinose,  as  de¬ 


termined  qualitatively  by  paper 
chromatography,  was  used  as  an  in¬ 
dication  of  Lossen  rearrangement. 
Using  this  criterion,  a  procedure 
starting  with  the  preparation  of  a 
sodium  hydroxamate  from  D-glu¬ 
cono-1, 5-lactone,  continuing  with  di- 
nitrophenylation  of  the  resulting 
product  (s),  and  finally  rearrange¬ 
ment  by  heating  the  product  (s)  in 
an  alkaline  solution  without  isolation 
of  any  intermediates,  gave  a  small 
amount  of  rearrangement.  This  re¬ 
sult  indicated  that  it  was  possible  to 
effect  the  Lossen  rearrangement  of 
aldonohydroxamate  esters  but  the 
procedure  gave  many  by-products 
which  hindered  isolation  of  the  ulti¬ 
mate  product.  One  of  these  by-prod¬ 
ucts  is  believed  to  be  formed  by  re- 
action  of  l-fiuoro-2,- 4-dinitrobenzene 
(DNFB)  with  excess  hydroxyla¬ 
mine. 

It  v7as  then  found  that  the  rear¬ 
rangement  could  be  brought  about  by 
reacting  D-gluconohydroxamate  with 
l-fluoro-2, 4-dinitrobenzene  followed 
by  heating  the  reaction  mixture  with¬ 
out  isolation  of  the  2,4-dinitroplienyl 
ester. 

All  attempts  to  isolate  the  inter¬ 
mediate  ester  and  to  later  effect  its 
rearrangement  failed. 

Examination  of  the  differences  be¬ 
tween  the  Two  procedures,  that  is  one 
involving  isolation  of  the  interme¬ 
diate  ester  and  the  other  not,  re¬ 
vealed  two  possibilities  for  the  ap¬ 
parent  differences  in  reaction.  First, 
the  rearrangement  and  side  reactions 
could  occur  so  rapidly  after  dinitro- 
phenylation  that  the  two  processes 
occur  essentially  simultaneously; 
therefore,  whatever  products  there 
are  would  be  formed  so  rapidly  that 
the  reaction  would  be  completed  be- 
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fore  intermediates  could  be  isolated. 
Secondly,  there  is  a  difference  in  in¬ 
organic  salt  concentration.  When 
the  reaction  is  carried  to  completion 
starting*  with  D-glucono-1, 5-lactone, 
the  reaction  mixture  contains  sodium 
chloride  obtained  by  the  neutraliza¬ 
tion  of  hydroxylamine  hydrochloride 
with  sodium  hydroxide. 

It  is  believed  that  the  products  of 
the  attempted  Lossen  rearrangement 
were  D-arabinose  and  D-gluconate. 
Chromatography  of  the  acidified  re¬ 
action  mixture  indicated  only  arabi- 

*/ 

nose,  gluconolactone,  and  D-gluconic 
acid  and  /or  D-gluconohydroxamic 
acid.  No  chromatographic  solvent 
was  found  which  would  separate  d- 
gluconic  acid  and  D-gluconohydroxa- 
mic  acid.  However,  since  D-glucono- 
hydroxamic  acid  readily  decomposes 
on  mild  heating,  it  is  unlikely  that 
it  is  present  in  the  reaction  mixture. 

If  sodium  D-gluconate  is  the  main 
product,  hydrolysis  of  2,4-dinitro- 
plienyl-D-gluconoliydroxamate  must 
occur  more  rapidly  than  rearrange¬ 
ment  to  isocyanate  under  conditions 
used  or  D-gluconohydroxamate  must 
decompose  before  dinitrophenylation 
takes  place.  In  an  attempt  to  prevent 
either  or  both  of  these  reactions,  the 
esterification  step  was  attempted  at 
a  lower  pH  (for  example,  6.5)  and 
in  the  cold.  Both  conditions  gave 
evidence  of  rearrangement;  but,  in 
both  cases,  the  reaction  time  was  con¬ 
siderably  increased. 

The  importance  of  salt  seems  the 
less  likely  of  the  two  previous  pos¬ 
sible  explanations  of  our  inability 
to  isolate  the  ester  intermediate  since 
the  reaction  starting  with  sodium  d- 
gluconohydroxamate  also  gave  evi¬ 
dence  of  rearrangement  although  the 
reaction  mixture  contained  no  salt. 


The  addition  of  salt,  however,  should 
enhance  ionization  which  is  necessary 
for  both  rearrangement  and  dinitro¬ 
phenylation.  Therefore,  salt  was 
added  to  the  reaction  mixture  and 
the  reaction  was  done  at  a  lower  pH 
in  an  attempt  to  obtain  more  rear¬ 
rangement  and  less  hydrolytic  by¬ 
product. 

Considering  both  time  for  reaction 
and  yield  of  arabinose,  the  procedure 
finally  adopted  as  best  for  the  prep¬ 
aration  of  D-arabinose  was  as  fol¬ 
lows.  D-Gluconohydroxamate  was 
prepared  from  D-glucono-1, 5-lactone 
and  dissolved  in  3%  sodium  chloride 
solution.  Both  esterification  with  1- 
fluoro-2, 4-dinitrobenzene  and  rear¬ 
rangement  of  the  2,4-dinitrophenyl 
ester  were  effected  at  pH  7.5.  This 
procedure  gave  at  7%  yield  of  d- 
arabinose. 
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HYDROGEN  BONDING  OF  ALCOHOLS  TO  PYRIDINE 

AND  SOME  PYRAZINES 
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Illinois  State  University ,  Normal 


Abstract. — The  O-H  stretching  fre¬ 
quencies  of  several  alcohols  have  been 
determined  when  these  alcohols  were 
hydrogen  bonded  to  the  nitrogen  hetero- 
cycles  pyridine  (Py),  methylpyrazine 
(MP),  2,5-dimethylpyrazine  (DMP),  2- 
chloro-3-methylpyrazine  (CMP),  and 
frcms-2,5-dimethylpiperazine  (DMPip) . 
From  the  stretching  frequency  shifts, 
the  order  of  decreasing  acid  strength  of 
the  alcohols  is  found  to  be  methyl  >  n- 
propyl  ~  n-butyl  >  i-propyl  ~  t-butyl 
, — ■  cyclohexyl.  The  order  of  decreasing 
base  strength  of  the  heterocycles  is 
DMPip  >  Py  >  DMP  >  MP  >  CMP, 
in  accord  with  pKb  values.  A  linear  re¬ 
lationship  was  obtained  between  Aj,s  for 
hydrogen  bonded  methyl  alcohol  and  the 
pKb  valuesof  the  first  four  bases. 


Intermolecular  hydrogen  bonds 
can  exist  between  hydrogen  atoms 
in  one  molecule  and  electronegative 
atoms  in  another.  This  is  a  type  of 
Lewis  acid-base  interaction,  with  the 
hydrogen  functioning  as  an  acid. 
Alcohols  are  known  to  hydrogen 
bond  to  many  bases  (Pimentel  and 
McClellen,  1960,  pp.  375-382).  When 
the  hydroxyl  hydrogen  of  an  alcohol 
is  attracted  to  a  base  and  forms  a 
hydrogen  bond,  there  is  a  slight 
weakening  and  lengthening  of  the 
O-H  bond.  There  are  several  experi¬ 
mental  methods  for  studying  such 
systems.  For  a  complete  review  of 
these  methods  and  the  chemistry  of 
the  hydrogen  bond,  see  Pimentel  and 


McClellen  (1960). 

Such  a  change  in  the  nature  of  the 
O-H  bond  is  easily  seen  from  chang¬ 
es  in  the  position  and  intensity  of 
peaks  in  the  infrared  spectrum  at¬ 
tributed  to  the  O-H  bond  (Pimentel 
and  McClellen,  1960,  p.  70).  A 
change  in  the  stretching  frequency 
of  the  O-H  bond  is  observed,  with 
the  shift  toward  lower  wave  num¬ 
bers  upon  forming  the  hydrogen 
bond.  There  have  been  numerous  at¬ 
tempts  to  relate  the  shift,  Avg,  to 
enthalpy  of  formation  of  the  hydro¬ 
gen  bond  (Pimentel  and  McClellen, 
1960,  p.  82),  the  equilibrium  con¬ 
stant  for  its  formation  (ibid.,  p.  96), 
the  plv  value  of  the  base  (ibid.,  p. 
90),  and  the  internuclear  distances 
(ibid.,  p.  85). 

In  the  work  reported  here,  the 
stretching  frequency  shift  has  been 
determined  when  several  alcohols 
are  hydrogen  bonded  to  some  nitro¬ 
gen  heterocycles,  pyridine,  2-meth- 
ylpyrazine,  2,5-dimethylpyrazine,  2- 
chloro-3-methylpyrazine,  and  trans- 
2,5-  dimethylpiperazine.  These  deter¬ 
minations  were  made  in  dilute  CC14 
solutions  using  a  large  excess  of  base 
to  prevent  bonding  between  alcohol 
molecules  and  restrict  the  interaction 
to  one  molecule  of  alcohol  for  each 
molecule  of  base. 
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Experimental 

The  alcohols  used  in  this  work  were 
of  reagent  grade  and  were  checked  for 
purity  by  determining  the  indices  of 
refraction  using  an  Abbe  Refractometer. 
These  alcohols  were  used  without  fur¬ 
ther  purification.  The  pyrazines  and 
frans-2,5-dimethylpiperazine  were  ob¬ 
tained  from  Wyandotte  Chemical  Corp. 
These  compounds  and  the  pyridine  were 
checked  for  water  or  other  O-H  bond 
containing  impurities  by  examination 
of  infrared  spectra  of  dilute  CC14  solu¬ 
tions.  There  were  no  peaks  attributable 
to  O-H  bond  stretching  bands.  Spectra 
obtained  using  materials  which  had 
been  dried  for  several  days  over  P205 
were  identical,  with  a  complete  absence 
of  O-H  stretching  bands. 

In  all  solutions  in  which  the  alcohols 
and  bases  were  hydrogen  bonded,  the 
alcohol  concentration  was  0.040  molar 
and  the  base  concentration  was  0.50 
molar.  The  solvent  was  Fisher  Spectral 
Grade  CC14.  The  large  excess  of  base 
was  used  to  assure  hydrogen  bonding  to 
only  one  of  the  potential  electron  donor 
atoms  in  each  molecule  of  base.  The 
alcohol  concentration  was  chosen  be¬ 
cause  at  higher  concentrations,  appre¬ 
ciable  amounts  of  the  alcohols  exist  as 
dimers  or  higher  aggregates.  Peaks  cor¬ 
responding  to  these  species  were  found 
at  concentrations  of  0.08  molar  or  high¬ 
er.  No  such  peaks  were  found  at  the 
concentration  used. 

The  infrared  spectra  in  the  range 
3000-3800  cm-1  were  obtained  using  a 
Perkin-Elmer  Model  12C  Infrared  Spec¬ 
trophotometer  with  a  sodium  chloride 


prism  and  a  slit  width  of  0.014  mm.  All 
spectra  were  obtained  using  a  cell  of  1.0 
mm  path  length  with  sodium  chloride 
windows.  The  spectrophotometer  was 
calibrated  by  a  standard  method 
(Downie,  et.  al.,  1953)  using  the  poly¬ 
styrene  peaks  at  3060,  2924,  and  2850 
cm-1,  the  ammonia  peaks  at  3219,  3336, 
and  3414  cm-1,  and  the  water  peaks  at 
3881,  3740,  and  3619  cm*1  (Plyler,  et.  ah, 
1960,  1950).  Stretching  frequencies  were 
first  obtained  for  the  alcohol  alone  in 
CClt,  then  with  alcohol  and  base  pres¬ 
ent. 

Results 

The  O-H  stretching  frequencies  for 
the  alcohols  with  and  without  base 
present  are  shown  in  Table  1.  The 
literature  values  for  the  alcohols  with 
no  base  present  are  those  from  Kuhn 
(1952). 

The  values  obtained  in  this  work 
were  slightly  lower  than  those  of  Kuhn. 
This  is  because  they  were  determined 
at  0.040  molar  instead  of  0.005  molar 
as  were  Kuhn’s.  It  has  been  pointed 
out  that  the  “free”  O-H  stretching  fre¬ 
quency  should  be  determined  at  0.02 
molar  or  less  to  be  really  “free”  (Pi¬ 
mentel  and  McClellan,  1960,  p.  79). 

From  the  data  in  Table  1  are  found 
the  shifts  in  stretching  frequency,  A,,s, 
shown  in  Table  2.  Because  of  the  diffi¬ 
culty  in  determining  some  of  the  maxi¬ 
ma  from  rather  broad  peaks  and  the 
difficulty  of  calibration  due  to  the  dis¬ 
persion  of  NaCl  in  this  region,  the 
values  in  Table  2  are  probably  no  better 
than  ±5  cm-1. 


Table  1. — Alcohol  O-H  Stretching  Frequencies  in  cm-1  for  Alcohols  Hydrogen  Bonded  to 
Pyridine  (Py),  Methylpyrazine  (MP),  2,5-Dimethylpyrazine  (DMP),  2-Chloro-3-methylpyra- 
zine  (CMP),  and  7>tfw.r-2,5-dimethylpiperazine  (DMPip). 


Alcohol 


Base 

Methyl 

n-Propyl 

i-Propyl 

n-Butyl 

t- Butyl 

Cyclohexyl 

None1 .... 

3642 

3626 

3620 

3632 

3614 

3610 

Py . 

3341 

3341 

3365 

3360 

3364 

3356 

MP . 

3394 

3390 

3406 

3401 

3403 

3383 

DMP.  .  . . 

3377 

3381 

3385 

3380 

3395 

3398 

CMP . 

3432 

3442 

3439 

3444 

3437 

3438 

DMPip... 

3261 

1  Kuhn  (1952) 
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Table  2. — Stretching  Frequency  Shift  in  cm"1  of  the  0-H  Bond  lor  Alcohols  Hydrogen 
Bonded  to  Pyridine  (Py),  Methylpyrazine  (MP),  2,5-Dimethylpyrazine  (DMP),  2-Chloro-3- 
methylpyrazine  (CMP),  and  7>awj--2,5-dimethylpiperazine  (DMPip). 


Base 

Alcohol 

Methyl 

n-Propyl 

i-Propyl 

n-Butyl 

t- Butyl 

Cyclohexyl 

Py . 

301 

285 

255 

272 

250 

254 

MP . 

248 

236 

214 

233 

211 

212 

DMP.  .  . . 

265 

245 

235 

252 

219 

224 

CMP . 

210 

184 

181 

188 

177 

172 

DMPip... 

381 

Discussion 

In  considering  the  stretching  fre¬ 
quency  shifts  shown  in  Table  2 
there  are  two  factors  to  be  kept  in 
mind ;  namely  the  acidity  of  the  al¬ 
cohol  and  the  basicity  of  the  hetero- 
cycle.  The  strength  of  the  hydrogen 
bond  is  reflected  by  the  relative  acid 
strength  and  base  strength  of  the 
interacting  molecules  and  hence  the 
O-H  stretching  frequency  shift.  Thus 
the  strongest  interaction  is  between 
methyl  alcohol  and  traws-dimethyl- 
piperazine.  The  weakest  interaction 
is  between  2-chloro-3-methylpyrazine 
and  the  secondary  or  tertiary  alco¬ 
hols.  The  acidity  of  the  alcohols  is 
reflected  by  choosing  a  particular 
base  and  noting  Avs  as  the  series  of 
alcohols  is  considered.  Looking  at 
the  series  of  alcohols  and  comparing 
Avs  for  each  base  in  turn,  it  is  ap¬ 
parent  that  methyl  alcohol  is  the 
strongest  acid  and  t-butyl,  cyclo¬ 
hexyl,  or  i-propyl  is  the  weakest. 
The  order  of  decreasing  acidity  of 
all  the  alcohols  is  methyl  >  n-propyl 
~  n-butyl  >  i-propyl  ^  t-butyl 
^  cyclohexyl.  Chandra  and  Sanni- 
grahi  (1965)  found  that,  toward  elec¬ 
tron  donors  the  acid  strength  of  the 
alcohols  decreases  in  the  order  pri¬ 
mary  >  secondary  >  tertiary.  Ivete- 


laar  (1953,  p.  264)  has  shown  that 
this  is  also  the  order  of  decreasing 
alkyl  group  electronegativity.  Kuhn 
(1952)  has  found  for  the  interaction 
of  alcohols  with  ether,  the  order  of 
decreasing  acidity  of  the  alcohols  is 
methyl  >  n-butyl  >  sec-butyl  >  t- 
butyl.  In  fact,  the  ratio  of  Avs  for 
methyl  alcohol  to  that  for  t-butyl 
when  both  are  interacting  with  ether 
was  found  to  be  1.18.  However, 
Kuhn  (1952)  reports  shifts  for 
methyl  and  n-butyl  which  were  al¬ 
most  identical;  they  are  151  and  150 
cm'1  respectively.  From  the  values 
reported  here,  the  value  for  n-butyl 
seems  too  high. 

The  ratios  of  Avs  (methyl)  /Avs 
(alkyl)  are  shown  in  Table  3.  The 
data  in  Table  3  show  that  if  all  the 
bases  are  considered,  there  is  a  rea¬ 
sonably  constant  value  of  Avs  when 
each  alcohol  is  compared  to  the  Avg 
for  methyl.  This  indicates  that  the 
acid  strength  of  each  alcohol  is  con¬ 
stant  toward  all  the  bases  and  that 
no  steric  factors  are  involved.  These 
factors  are  important  only  when 
the  alcohols  are  functioning  as  bases. 
The  data  in  Table  3  also  indicate 
that  the  ratio  of  the  stretching  fre¬ 
quency  shift  for  methyl  alcohol  com¬ 
pared  to  that  of  n-butyl  should  be 
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Table  3. — Ratios  of  AM  for  Methyl  Alcohol  to  AM  of  Other  Alcohols  Hydrogen 
Bonded  to  Nitrogen  Heterocycles. 


Base 

Alcohol 

n-Propyl 

i-Propyl 

n- Butyl 

t-Butyl 

Cyclohexyl 

Py. 

1  .06 

1.18 

1.11 

1.20 

1.18 

MP. 

1.05 

1.16 

1.07 

1.18 

1.17 

DMP ... 

1.07 

1.13 

1.05 

1.21 

1.18 

CMP . 

1.14 

1.16 

1.12 

1.19 

1.22 

Ave. 

1.08 

1.16 

1.09 

1.20 

1.19 

about  1.09  instead  of  tlie  value  of 
1.00  found  from  Kuhn’s  data 
(1952). 

Arbitrarily  assigning  the  acid 
strength  of  methyl  alcohol  a  valne 
of  1.00,  the  following  relative  acid 
strengths  are  found  from  the  rela¬ 
tive  O-H  stretching  shifts:  methyl, 
1 .00 ;  n-propyl,  0.925  ;  n-butyl,  0.917  ; 
i-propyl,  0.862 ;  cycloliexyl,  0.840 ; 
and  t-butyl,  0.833. 

It  is  also  apparent  from  Table 
3  that  if  the  series  of  alcohols  is 
considered  with  each  base  in  turn, 
without  exception  the  order  of  de¬ 
creasing  base  strength  of  the  hetero¬ 
cycles  is  DMPip  >  Py  >  DMP  > 
MP  >  CMP.  The  corresponding 
pKb  values  of  the  first  four  of  these 
are  4.31  (Hall,  1956),  8.82  (Butler, 
1964),  12.15  (Chia  and  Trimble, 
1961),  and  12.55  (Chia  and  Trimble, 
1961).  Apparently  no  pKb  value  for 
CMP  has  been  reported.  It  is  seen 
that  the  order  of  decreasing  base 
strength  as  determined  by  the  pKb 
values  is  the  same  as  that  measured 
by  Avs  of  the  alcohols  bonded  to  these 
bases.  A  plot  of  Avs  for  hydrogen 
bonded  methyl  alcohol  vs  pKb  for  the 
four  bases  where  pKb  lias  been  deter¬ 


mined,  is  linear.  This  plot  is  shown 
in  Figure  1. 


pKb  OF  HETEROCYCLE 

Figure  1. — A  plot  of  O-H  stretching 
frequency  shift  for  hydrogen  bonded 
methyl  alcohol  vs.  pKb  of  the  hetero¬ 
cyclic  bases. 


It  has  been  suggested  that  a  linear 
relationship  may  exist  between  pKb 
of  a  series  of  bases  and  the  A  s  of 
an  alcohol  hydrogen  bonded  to  these 
bases  if  they  are  similar  (Pimentel 
and  McClellan,  1960,  p.  91).  Figure 
1  shows  that  even  though  there  are 
structural  differences  in  the  hetero- 
cycles  used,  they  are  similar  enough 
that  such  a  linear  relationship  exists. 
As  can  be  seen  from  Table  2  and 
the  pKb  values  there  is  a  very  large 
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difference  in  the  basicities  of  the 
heterocycles  but  less  than  a  factor 
of  two  in  the  stretching  frequency 
shifts. 
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CAST  OROIDES  AND  CERVALCES  FROM 
CENTRAL  ILLINOIS 


PAUL  W.  PARMALEE 
Illinois  State  Museum,  Springfield 


Abstract. — Specimens  of  the  Pleisto¬ 
cene  giant  beaver,  Castoroides  ohioens- 
is,  and  stilt-legged  moose,  Cervalces 
sp.,  are  reported  from  Sangamon  Coun¬ 
ty,  Illinois. 


Remains  of  the  extinct  Pleistocene 
giant  beaver  ( Castoroides  ohioensis 
Foster)  found  in  10  counties  in  Illi¬ 
nois  were  recorded  by  Calm  (1932, 
1936).  This  beaver  apparently  oc¬ 
curred  throughout  the  state  in  suit¬ 
able  habitats  such  as  shallow  sloughs 
and  marshy  lakes  which  were  bor¬ 
dered  by  coarse  swamp  vegetation 
(Powell,  1948).  Although  it  ranged 
as  far  south  as  Texas  and  Flordia, 
C.  oliioensis  was  most  abundant  im¬ 
mediately  south  of  the  Great  Lakes 
in  what  is  now  Indiana  and  Illinois  ; 
most  of  the  Illinois  records  can  be  as¬ 
signed  to  the  Wisconsin  period. 

The  Illinois  State  Museum  posses¬ 
ses  parts  of  one  skull  and  three  lower 
right  jaws  not  previously  reported 
in  the  literature  (Fig.  1).  All  were 
recovered  during  dredging  opera¬ 
tions  (Clear  Lake  Sand  and  Gravel 
Co.)  at  Clear  Lake,  a  former  channel 
or  slough  of  the  Sangamon  River, 
four  miles  east  of  Springfield  (Sec. 
22,  T16N,  R4W),  Sangamon  County. 
The  anterior  section  of  a  skull,  con¬ 
taining  both  incisors  and  all  cheek 
teeth  except  the  M3s,  was  recovered 


in  Feburary,  1939.  Two  right  jaws, 
one  with  complete  dentition,  and  the 
other  with  a  premolar,  M1?  M2  and 
a  nearly  complete  incisor  were  ob¬ 
tained  in  the  early  1940 ’s.  The  third 
jaw,  containing  the  premolar,  Mx 
and  the  base  (root)  of  the  incisor 
was  found  by  the  author  in  an  old 
spoil  heap  at  the  gravel  company  site 
May  8,  1966. 

Two  teeth  of  the  mammoth  (Mam- 
muthus  sp.)  have  also  been  recovered 
at  this  site  as  well  as  bones  of  deer 
( Odocoileus  sp.),  elk  ( Cervus  sp.), 
raccoon  and  fresh-water  drum ;  ex¬ 
cept  for  mammoth,  remains  of  the 
other  mammals  were  apparently 
those  of  Recent  forms.  Holman 
(1966)  discussed  several  elements  of 
three  species  of  turtles  taken  from 
this  site  and  these,  although  of  Pleis¬ 
tocene  origin,  appeared  to  be  insep¬ 
arable  from  the  living  modern 
species.  The  remains  of  the  giant 
beaver  from  Clear  Lake  are  note¬ 
worthy  since  they  supplement  its 
known  range  in  Illinois  and  are  in¬ 
dicative  of  a  former  established  pop¬ 
ulation  in  this  local  area. 

During  a  fossil-hunting  trip  at  the 
Springfield  Sand  and  Gravel  Com¬ 
pany,  seven  miles  east  of  Springfield 
(Sec.  36,  T16N,  R3W),  Sangamon 
County,  in  late  November,  1965, 
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Figure  1.— Skull  (I.S.M.  No.  414239)  and  jaws  (I.S.M.  No’s.  416107,  416108, 
416115)  of  Castoroides  ohioensis  from  Sangamon  County,  Illinois.  2/5  natural  size. 


Extinct  Beaver  and  Moose 
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Figure  2. — Proximal  end  of  right  metatarsal  (I.S.M.  No.  416116)  of  Cervalces 
sp.  from  Sangamon  County  Illinois.  A:  proximal  articular  surface.  2/5  natural  size. 


Mrs.  Louis  Spinner  of  Springfield 
and  several  children  found  the  atlas 
of  a  bison  ( Bison  cf.  bison),  a  tooth 
of  a  mammoth  and  a  section  of  leg 
bone  of  a  moose-like  animal  (Fig.  2) 
in  the  spoil  heaps.  The  latter  speci¬ 
men,  an  8-1/2  inch  section  of  the 
proximal  end  of  a  right  metatarsal, 
was  compared  with  that  of  a  modern 
moose  ( Alces  americana)  in  the  col¬ 
lections  of  the  Illinois  State  Museum. 
Although  the  element  was  somewhat 
eroded,  it  could  definitely  be  recog¬ 
nized  as  that  of  a  moose-like  cervid, 
but  certain  differences  suggested  the 
bone  was  not  Alces.  The  specimen 
was  sent  to  Dr.  Clayton  E.  Ray,  Di¬ 
vision  of  Vertebrate  Paleontology, 
U.  S.  Nat.  Museum,  Washington; 
Dr.  Ray  tentatively  identified  the 
bone  as  Cervalces,  but  forwarded  it 
to  Dr.  Glenn  L.  Jepsen,  Department 
of  Geology,  Princeton  University,  for 
comparison  with  the  type  of  Cer¬ 
valces  americanus  (Harlan). 

Dr.  Jepsen  stated  (pers.  com. 
letter  of  3/29/66)  that,  although 
the  element  may  be  modern  moose, 
.  .  it  has  some  Cervalces- like  con¬ 
figurations,  and  it  is  much  larger  and 
more  massive  than  the  correspond¬ 
ing  bone  of  our  [modern]  moose. 


There  is  a  shallow  longitudinal 
groove  or  depression  on  the  antero¬ 
lateral  surface  that  is  also  present  on 
the  Cervalces  metatarsals  and  not  on 
those  of  the  moose.”  Galbreath 
(1939)  recorded  a  second  find  of 
Cervalces  in  east-central  Illinois  and 
discussed  the  taxonomic  status  of 
this  cervid ;  he  implied  that  several 
previously  described  species,  differ¬ 
entiated  to  a  large  extent  on 
beam  length  and  shape  of  the 
antler,  might  actually  be  inter- 
grading  populations  of  C .  scott i. 
The  paucity  of  Cervalces  mate¬ 
rial,  however,  has  inhibited  the 
work  of  defining  the  specific  and 
subspecific  relationships  of  this  post¬ 
glacial  moose  in  North  America. 

Specific  identification  of  the  moose 
metatarsal  section  from  Sangamon 
County  is  presently  impossible ;  al¬ 
though  a  remote  possibility  exists 
that  it  may  be  Alces,  I  believe  the 
bone  is  Cervalces  for  the  following 
reasons:  (1)  the  large  size  and  con¬ 
formation  agrees  more  closely  with 
Cervalces  than  Alces;  (2)  the  ele¬ 
ment  was  dredged  from  a  sand/ 
gravel  matrix  approximately  65  feet 
below  the  present  bed  of  the  Sanga¬ 
mon  River;  (3)  the  tooth  of  a  mam- 
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motli  was  also  recovered  at  about 
this  same  depth;  (4)  no  evidence,  in 
the  form  of  either  living  animals  or 
osteological  remains,  has  been  found 
to  indicate  the  former  occurrence  of 
modern  moose  in  Illinois.  The  speci¬ 
men  from  Sangamon  County  rep¬ 
resents  a  very  large  individual. 
However,  until  additional  remains  of 
this  cervid  are  recovered  from  the 
midwestern  region,  any  isolated  or 
single  postcranial  element  may  re¬ 
flect  only  size  variation  in  age  or  sex, 
and  only  suggested  differences 
among  subspecific  groups. 

I  would  like  to  thank  Drs.  Clayton 


E.  Ray  and  Glenn  L.  Jepsen  for  ex¬ 
amining  the  Cervalces  specimen. 
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THE  REDISPERSAL  OP  THYSANOPTERA  (INSECT A, 
THRIPS)  INTO  SPOILED  STRIP-MINED  LANDS 

IN  SOUTHERN  ILLINOIS 


LEWIS  J.  STANNARD 

Illinois  Natural  History  Survey,  TJrbana 


Abstract. — In  strip-mined  lands  in 
Perry  County,  three  pioneer  species  of 
thrips  have  now  occupied  areas  stripped 
as  recently  as  16  years  ago.  Two  other 
species  found  in  nearby  natural  wood¬ 
lands  have  not  yet  repopulated  areas 
stripped  as  long  ago  as  32  years.  The 
latter  two  species  have  successfully  dis¬ 
persed  to  areas  covered  by  the  Wiscon¬ 
sin  Ice  Sheet,  whereas  the  three  pioneer 
species  have  not.  Apparently  unknown 
ecological  barriers  prevent  the  Perry 
County  pioneer  thrips  from  movement 
into  glaciated  terrain  even  after  20,000 
years  of  ice  free  conditions. 


Reputedly,  the  most  extensive  de¬ 
stroyer  of  the  Illinois  biota  was  the 
Illinoian  ice  sheet,  which  extended 
southward  to  Carbondale  about  200,- 
000  years  ago — according  to  some 
estimates.  Another  major  ice  sheet, 
the  Wisconsin,  blanketed  Illinois  as 
far  south  as  Shelbyville  and  as  far 
west  as  Peoria  and  Rockford  about 
20,000  years  ago  or  slightly  earlier 
(Horberg  1955).  Although  these  ice 
sheets,  including  their  substages, 
have  long  since  melted,  the  glaci¬ 
ated  areas  (drift  plains)  probably 
have  not  been  repopulated  by  all 
the  species  of  plants  and  animals 
that  inhabited  them  in  pre-glacial 
times.  This  hypothesis  is  supported 
by  the  geographic  containment  of  re¬ 
lict  colonies  of  plants  ( Azalea  rosea 
and  yellow  pine,  Pinus  echinata) 


and  their  insects  ( Heterothrips  aza- 
leae  and  the  pine  thrips,  Oxythrips 
divisus )  on  unglaciated  strata  in  the 
Pine  Hills,  Union  County,  Illinois. 
Possibly  these  relict  populations  are 
straight  line  descendants  of  ancestors 
that  have  been  there  for  the  past 
40  million  years  as  part  of  the  Arcto- 
Tertiary  forest  (Braun  1955).  Evi¬ 
dently  factors  in  the  environment 
north  of  Pine  Hills  were  so  altered 
by  the  glaciers  that  recovery  is  still 
not  possible. 

The  distributional  patterns  of 
other  animals  in  areas  glaciated  at 
various  times  also  indicate  that  the 
full  return  of  the  displaced  biota  to 
glaciated  regions  may  take  thousands 
of  years.  For  example,  in  the  Thysa- 
noptera,  nearly  two  dozen  species  of 
thrips  of  southern  origin  extend 
northward  up  to  the  Wisconsin  Drift 
area  but  rarely  extend  into  it  (Stan- 
narcl  1963).  By  contrast,  several 
thrips,  Aeolothrips  fasciatus  and  Ne- 
sothrips  hicolor,  both  introduced 
from  Europe,  as  well  as  other  exotic 
organisms,  the  best  known  being  the 
ring-necked  pheasant  ( Phasianus 
colchicus),  occur  mostly  on  the  Wis¬ 
consin  Drift  area ;  they  do  not  go 
much  south  or  west  of  it. 

Compared  to  natural  forces,  man- 
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caused  spoliation  of  the  environment 
seems  to  have  resulted  in  surpris¬ 
ingly  different  biotic  recovery  pat¬ 
terns  than  those  found  on  glaciated 
areas.  In  studies  of  the  redistribu¬ 
tion  of  thrips  of  strip-mined  lands  in 
Perry  County,  Illinois,  unexpected 
modes  of  dispersal  were  discovered, 
as  described  in  the  following  account. 

The  abandoned  strip-mined  lands  in 
Perry  County  studied  for  thrips  recov¬ 
ery  were  chosen  because  they  were  at 
the  same  localities  investigated  by  Dr. 
W.  D.  Klimstra  and  his  students  (1959, 
1963)  on  several  vertebrata  groups,  and, 
thereby,  meaningful  reference  could  be 
obtained  on  the  rate  of  recovery  of 
other  organisms  and  because  natural 
woods  were  available  in  the  neighbor¬ 


hood  to  provide  base  data  for  compari¬ 
son.  The  area  lies  south  of  the  Wiscon¬ 
sin  Drift. 

In  the  fall  and  early  winter  of  1964, 
samples  of  thrips  were  taken  from  for¬ 
est  leaf  mold  in  the  Pyatts  strip-mined 
lands  and  nearby  natural  woods,  mount¬ 
ed  on  slides  and  studied.  The  sites 
(Table  1)  were  sampled  at  least  three 
times,  a  month  apart,  and  the  data 
averaged.  The  age  of  forestation  (most¬ 
ly  by  natural  succession)  of  the  sites 
ranged  from  16  to  32  years. 

Among  the  species  collected  which 
demonstrated  significant  dispersal  pat¬ 
terns  were  five  thrips,  as  shown  in  the 
accompanying  table.  Two  pioneer  spe¬ 
cies,  Allothrips  nubillicauda  and  Am- 
phibolothrips  watsoni ,  both  wingless 
species,  were  present  in  all  areas,  even 
the  area  which  had  been  abandoned  to 
natural  succession  for  only  the  past  16 
years.  Another  pioneer  species,  Preeri- 


Table  1. — List  of  Species  found  in  Natural  Woods  and  Stripland  Areas,  Pyatts,  Perry  County, 
Illinois. 


1 

CHECK 

AREAS 

STRIPLAND  AREAS 

Total 

Natural 

with  date  area  was 

Speci- 

Woods 

strip-mined 

mens 

Col- 

lected 

THYSANOPTERA 

1 

2 

1932 

1936a 

1936b 

1941 

1948 

in  1964 

Tubulifera 

Allothrips  nubilicauda . 

X 

X 

X 

X 

X 

X 

X 

120 

Amphibolothrips  watsoni . 

X 

X 

X 

X 

X 

X 

69 

Preeriella  minuta . 

X 

X 

X 

X 

X 

24 

Haplothrips  longiceps . 

X 

X 

9 

Haplothrips  mali . 

X 

X 

X 

X 

13 

Haplothrips  anomocerus . 

X 

9 

Eurythrips  pettiti . 

X 

X 

10 

Malacothrips  zonatus . 

X 

1 

Hoplothrips  americanus . 

X 

X 

X 

14 

Hoplothrips  pergandei . 

X 

X 

X 

95 

Polyphemothrips  bratleyi . 

X 

1 

Elaphrothrips  flavipes . 

X 

X 

11 

Phlaeobiothrips  insolens . 

X 

1 

Liothrips  citricornis . 

X 

X 

4 

Terebrantia 

Microcephalothrips  abdominalis . 

X 

Sericothrips  nubilipennis . 

X 

X 

X 

36 

Sericothrips  annulipes . 

X 

10 

Sericothrips  campestris . 

X 

Thrips  winnemanae . 

X 

1 

Total  specimens . 

53 

121 

31 

31 

58 

64 

26 

430 

Thrips  of  Striplnnds 
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ella  minuta,  one  of  the  smallest  thrips 
in  Illinois,  which  does  have  wings,  oc¬ 
curred  in  all  reforested  areas  23  years 
or  older.  None  of  these  three  afore¬ 
mentioned  species,  despite  their  seem¬ 
ing  ability  to  invade  new  areas,  pres¬ 
ently  extend  their  range  much  into  the 
Wisconsin  Drift  region. 

At  the  other  extreme,  two  thrips, 
Hoplothrips  pergandei  and  Elaphro- 
thrips  flavipes.  common  in  the  natural 
forests  in  Perry  County  and  common 
throughout  the  southern  three-fourths 
of  Illinois  including  the  Wisconsin  Drift 
area,  were  absent  in  most  of  the  re¬ 
forested  strip-mined  lands  examined, 
even  in  most  of  the  sections  32  years 
old  containing  rich  leaf  mold  and  good 
sized  trees.  (An  exception  was  the  re¬ 
covery  of  one  of  these  species  from  a 
32  year  old  plot  across  the  road  from  a 
natural  forest).  These  later  two  species 
are  not  necessarily  climax  or  near  cli¬ 
max  forest  forms,  as  they  are  found  in 
many  second  growth  forests. 

The  results  obtained  here  were  the 
opposite  of  those  that  were  expected. 
It  had  not  been  presumed  that  the 
pioneer  invaders  of  the  Perry 
County  strip-mine  regions,  equally 
at  home  in  mature  natural  forests, 
would  turn  out  to  be  the  ones  that  so 
far  have  failed  to  disperse  into  the 
Wisconsin  Drift  area  after  about  20,- 
000  years  of  possible  opportunity, 
and  conversely,  that  species  common 
on  parts  of  the  Wisconsin  Drift  area 
would  be  so  slow  to  reinvade  refor¬ 
ested  strip-mined  areas.  No  reasons 
for  these  modes  of  dispersal  seems 
apparent  from  the  data  obtained. 

In  correlation  with  the  thrips, 
some  vertebrate  animals,  for  reasons 
also  unknown,  failed  to  repopulate 
these  strip-mined  lands.  Among  rep¬ 
tiles,  the  box  turtles,  Terrapene  or- 


nata  and  Terrapene  Carolina ,  were 
found  all  around  the  strip-mined 
lands  but  never  in  them  (Myers  & 
Ivlimstra  1963) .  Chipmunks,  Tamias 
striatus,  were  also  rare  or  absent  in 
these  strip-mined  lands,  although 
present  in  natural  woods  50  yeards 
away  (Verts  1959).  Apparently, 
from  these  and  similar  cases,  other 
habitats  in  strip-mined  lands  besides 
the  leaf  mold  zone  may  take  many 
decades  to  return  to  conditions  suf¬ 
ficiently  favorable  to  support  the 
primeval  fauna.  Apparently,  too,  the 
leaf  mold  habitat,  as  indicated  by 
the  total  distribution  of  thrips,  may 
be  an  extremely  complicated  type  of 
ecological  niche  worthy  of  long-term 
study. 
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JAMES  ECKART  OZMENT  (1939-1965) 


ROBERT  H.  MOHLENBROCK 
Southern  Illinois  University ,  Carbondale 


James  Eckart  Ozment  was  one  of 
the  most  promising  young  natural 
scientists  ever  to  come  to  Southern 
Illinois  University.  His  shocking 
death  on  April  30,  1965  saddened  the 
hearts  of  those  who  knew  him  and 
had  worked  with  him.  It  was  on 
that  fateful  day  that,  while  alone 
with  nature,  which  was  his  way,  he 
fell  from  a  60-foot,  cliff  at  Giant 
City  State  Park. 

He  was  the  son  of  Mr.  &  Mrs. 
E.  M.  Ozment  of  Stonefort,  Illinois. 
His  interest  in  nature  developed 
early  at  home,  and  he  spent  all  spare 
moments  in  his  short  life  exploring 
for  plants  and  animals. 

Ozment ’s  brilliance  is  attested  to 
by  his  scholastic  achievements.  He 
ranked  number  one  in  his  Carrier 
Mills  High  School  graduating  class 
in  1957  and  number  one  in  his  South¬ 
ern  Illinois  University  graduating 
class  in  August,  1961,  where  he  ma¬ 
jored  in  zoology  and  minored  in 
botany. 

He  received  a  master’s  degree  in 
botany  in  1963,  writing  a  brilliant 
account  of  the  plants  which  grow  on 
limestone  cliffs  in  southern  Illinois. 
He  was  in  his  second  year  of  doctoral 
study  in  plant  taxonomy  at  Southern 
Illlinois  University  at  the  time  of  his 
untimely  death.  He  had  received  two 
graduate  fellowships  from  Southern 
Illinois  University  and  a  National 


Science  Foundation  Summer  Fellow¬ 
ship,  and  was  holding  a  two-year 
NSF  Co-operative  Fellowship. 

Ozment  traveled  extensively  in 
search  of  plants  and  animals.  He 
had  gone  on  collecting  trips  in  1962,- 
63,  and  -64  to  Mexico  to  collect  plants 
for  the  University  herbarium. 

He  was  chief  collector  for  the  Illus¬ 
trated  Flora  of  Illinois  project  and 
a  contributor  to  the  manuscript  on 
Chamaesyce.  He  was  monographing 
the  boraginaceous  genus  Bourreria 
for  his  doctorate. 

Ozment  was  in  the  midst  of  sev¬ 
eral  projects.  His  master’s  thesis 
and  three  articles  which  he  was  col¬ 
laborating  on  follow  this  necrology. 

Before  his  death,  three  publica¬ 
tions  had  been  produced  by  Ozment. 
They  are  as  follows : 

Stains.  Howard  J.,  James  E.  Ozment, 
and  Arthur  Lippoldt.  1961.  An  elec¬ 
tric  fence  enclosure  for  small  mam¬ 
mals.  J.  Mamm.  42(3):  391-95. 

- and  James  E.  Ozment. 

1962.  A  record  of  the  brown  skink 
( Sciencella  laterale )  and  prairie 
skink  ( Eumeces  septentrionalis )  from 
Barber  County,  Kansas.  Trans.  Kan¬ 
sas  Acad.  Sci.  65(2):  143. 
Mohlenbrock,  R.  H.,  James  E.  Ozment, 
and  George  W.  Folkerts.  1962.  Addi¬ 
tions  to  the  flora  of  Illinois.  Rhodora 
64(3):  356-61. 


The  James  E.  Ozment  Achievement 
Award  in  Natural  History  at  Southern 
Illinois  University  has  been  set  up  by 
Mr.  Ozment’s  parents. 


THE  VEGETATION  OF  LIMESTONE  LEDGES  OF 

SOUTHERN  ILLINOIS 


JAMES  E.  OZMENT 
Southern  Illinois  University,  Carhonclale 


Abstract. — A  study  of  the  plants  of 
limestone  outcroppings  in  southern  Illi¬ 
nois  was  initiated  in  April,  1962,  and 
continued  through  November  of  the  fol¬ 
lowing  year.  During  this  period  collec¬ 
tions  were  obtained  from  fifteen  sta¬ 
tions  in  six  counties. 

A  total  of  552  species  of  plants  was 
recorded.  Six  of  these  were  previously 
unknown  from  Illinois.  These  are  Pani- 
cum  helleri  Nash,  Panicum  longifolium 
Scribn.,  Panicum  malacophyllum  Nash, 
Panicum  nitidum  Lam.,  Euphorbia  dic- 
tyosperma  Fisch.  &  Mey.,  and  Aster 
trxanus  Burgess.  In  addition,  153  coun¬ 
ty  records  were  obtained.  Fifty-seven 
species  constituted  new  records  for 
Monroe  County,  forty-five  for  Hardin 
County,  sixteen  for  Johnson  County, 
fifteen  for  Union  County,  and  ten  each 
for  Jackson  and  Randolph  Counties. 


I. 

Introduction 

The  floristics  and  ecology  of  the 
sandstone  areas  in  southern  Illinois 
have  been  extensively  studied  and 
are  quite  well  known ;  several  pub¬ 
lications  have  dealt  with  these  sub¬ 
jects  (Winterringer  and  Vestal,  1956  ; 
Mohlenbrock,  1954;  and  others).  Al¬ 
though  southern  Illinois  is  one  of  the 
only  parts  of  the  state  in  which 
abundant  limestone  outcroppings  oc¬ 
cur,  no  comparable  amount  of  study 
has  been  applied  to  the  limestone 
areas  as  such.  Aside  from  a  few  rel¬ 
atively  accessible  outcrops  such  as 
those  in  the  Grand  Tower  area  in 


Jackson  County,  the  Pine  Hills  of 
Jackson  and  Union  Counties,  and 
the  hill  prairies  studied  by  Evers 
(1955),  most  have  been  subjected  to 
little  more  than  incidental  collecting. 
The  study  described  in  this  paper 
was  undertaken  in  the  desire  to  add 
to  the  available  information  about 
these  areas.  The  objects  included : 
(1)  Compilation  of  an  annotated 
list  of  vascular  plants  occurring  on 
limestone  at  selected  stations  in 
southern  Illinois ;  relatively  undis¬ 
turbed  sites  with  natural  vegetation 
were  considered  desirable  for  this 
purpose.  (2)  Comparison  of  the 
limestone  floras  of  different  areas 
in  southern  Illinois  with  each  other 
and  with  the  sandstone  floras.  (3) 
Description  of  the  plant  communities 
associated  with  limestone  in  the  vari¬ 
ous  areas. 

In  connection  with  these  objects, 
brief  descriptions  of  the  topography, 
geology,  animal  communities,  and 
general  ecology  of  the  southern  Illi¬ 
nois  limestone  areas  in  general  and 
of  each  station  in  particular  were 
considered  desirable. 

Field  work  for  this  project  was  be¬ 
gun  during  the  fall  of  1961.  At  this 
time  a  search  for  suitable  limestone 
outcroppings  was  conducted  through¬ 
out  the  likely  areas  in  the  southern 
part  of  the  state.  Worthen  (1882), 
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Lamar  (1925;  1959),  and  Weller 
(1945)  proved  useful  in  locating  the 
various  outcrops.  Further  scouting 
was  carried  on  during  the  winter  of 
1961-62;  at  this  time,  also,  all  the 
southern  Illinois  specimens  in  the 
Southern  Illinois  University  Her¬ 
barium  were  examined.  All  those 
which  the  label  indicated  to  have 
been  collected  definitely  in  associa¬ 
tion  with  limestone  outcroppings 
were  noted  and  recorded.  Stations 
suitable  for  concentrated  study  were 
eventually  selected.  These  included 
three  areas  of  outcroppings  in  Mon¬ 
roe  County,  two  in  Jackson,  two  in 
Union,  two  in  Johnson,  and  one 
in  Hardin  County.  Systematic 
collecting  was  begun  in  the  spring 
of  1962  a  n  d  was  continued 
through  the  summer  and  fall  of  that 
year.  An  attempt  was  made  to  visit 
and  collect  thoroughly  each  perman¬ 
ent  station  at  least  once  in  every 
three  weeks.  In  addition,  various 
outcroppings  of  lesser  extent  or  in¬ 
terest  were  visited  when  convenient. 
Those  from  which  specimens  were 
collected  are  described  here.  Some 
additional  collections  were  made  at 
irregular  intervals  during  the  spring 
and  summer  of  1963.  Generally  only 
one  specimen  of  each  plant  was  col¬ 
lected,  this  from  the  station  where  it 
was  first  seen;  wherever  the  plant 
could  be  unquestionably  identified 
by  sight,  its  presence  at  other  lo¬ 
calities  was  recorded  in  the  field 
notebook.  A  few  species,  mostly 
common  trees,  were  not  collected 
from  any  station,  although  their 
presence  was  recorded ;  these  are  in¬ 
dicated  in  the  annotated  list  of  spe¬ 
cies.  Specimens  were  pressed  upon 
collection  or  soon  thereafter.  Identi¬ 
fication  of  difficult  specimens  was 


carried  out  for  the  most  part  during 
the  winter  of  1962-63  and  was  based 
on  the  dried  material. 

After  being  identified  and  record¬ 
ed,  specimens  were  deposited  in  the 
herbarium  of  Southern  Illinois  Uni¬ 
versity. 

II. 

General  Limestone 
Geology  of  the 
Area 

Parts  of  Illinois  in  which  lime¬ 
stone  outcroppings  occur  are  of 
limited  extent  as  compared  to  the 
total  area  of  the  state.  All  the  im¬ 
portant  limestone  formations  are  rel¬ 
atively  old,  of  Mississippian  or 
greater  age,  and  are  overlain  by  the 
predominantly  sandstone  Pennsyl¬ 
vanian  deposits  throughout  most  of 
the  state.  In  the  north,  the  Pennsyl¬ 
vanian  deposits  have  been  removed 
by  glacial  erosion,  but  any  older 
formations  have  been  subsequently 
deeply  buried  beneath  glacial  drift. 
It  is  only  along  the  western  and 
southern  edges  of  the  state  that  ex¬ 
tensive  limestone  outcroppings  oc¬ 
cur.  Their  presence  here  is  due  to  a 
general  upwarping  along  these  bor¬ 
ders  which  has  allowed  erosion  to  ex¬ 
pose  the  older  strata. 

In  general  the  southern  Illinois 
outcroppings  may  be  characterized 
as  consisting  of  a  more  or  less  contin¬ 
uous  series  of  massive  bluffs  border¬ 
ing  the  Mississippi  River  floodplain 
on  the  west  and  facing  similar  bluffs 
on  the  Missouri  side  of  the  river,  a 
discontinuous  series  of  generally 
lower  bluffs,  often  capped  by  sand¬ 
stone,  along  the  Ohio  River  in  Pope 
and  Hardin  Counties  to  the  south¬ 
east,  and  groups  of  low  isolated  out- 
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crops  which  occur  across  the  state  in 
a  zone  immediately  south  of  the  great 
block  of  Pennsylvanian  sandstone 
which  forms  the  backbone  of  the 
Shawnee  Hills.  None  of  these  areas 
was  glaciated.  The  common  soil  on 
the  uplands  is  a  yellowish  or  brown¬ 
ish  silty  loess  of  varying  depth. 

The  important  limestones  in  Illi¬ 
nois  range  in  age  from  Mississippian 
to  Ordovician.  The  Mississippian 
formations  are  much  the  most  com¬ 
mon  and  widespread  in  southern  Il¬ 
linois.  During  the  eras  of  limestone 
deposition,  several  predominantly 
limestone  formations  of  various  char¬ 
acter  were  built  up,  often  alternat¬ 
ing  with  formations  in  which  shale 
or  sandstone  predominates.  The  fol¬ 
lowing  is  a  resume  of  the  limestone 
formations  which  outcrop  at  the  sta¬ 
tions  visited  during  this  study ;  the 
listing  is  in  order  of  increasing  age, 
thus  indicating  relative  position. 
Dotted  lines  indicate  omissions  from 
the  total  sequence  of  Illinois  forma¬ 
tions.  The  descriptions  refer  only 
to  southern  Illinois  characters  and 
range. 

Mississippian  System: 


Golconda  Formation — gray  granular 
or  oolitic  limestones,  mixed  with 
shale,  occurring  from  northwestern 
Union  County  in  a  narrow  band 
extending  to  the  Ohio  River  in  Pope 
and  Hardin  Counties. 


Renault  Formation — gray  or  dark 
gray  limestones,  some  oolitic  and 
intermixed  with  shale.  Cherty 
limestones  occur  in  places.  Under¬ 
lies  a  band  extending  across  the 
state  from  Pope  and  Hardin  Coun¬ 
ties  to  Union  County  and  north 
along  the  Mississippi. 

Ste.  Genevieve  Formation — light  or 
dark  compact  limestones  of  high 
purity.  Some  may  be  cherty  or 
oolitic.  May  be  mixed  with  sand¬ 
stone.  Pattern  of  distribution  gen¬ 


erally  the  same  as  for  the  preced¬ 
ing,  but  outcrops  only  at  the  eastern 
and  western  sides  of  the  state. 

St.  Louis  Limestone — gray  or  dark 
gray  compact,  fine-grained  lime¬ 
stones,  cherty  in  places.  Pattern  of 
distribution  as  for  the  preceding. 

Warsaw-Salem  Limestone — light  to 
dark,  finely  to  coarsely  granular, 
pure  limestones  with  a  pattern  of 
distribution  similar  to  the  preced¬ 
ing. 


Devonian  System: 


Hamilton  Formation  —  dark,  fine¬ 
grained,  cherty,  and  siliceous  lime¬ 
stone.  Outcrops  in  Union  and  Alex¬ 
ander  Counties  and  near  Grand 
Tower  in  Jackson  County. 

Grand  Tower  Limestone  —  coarsely 
granular  very  pure  limestone  out¬ 
cropping  as  in  the  preceding. 

Clear  Creek  Formation — cherty  and 
siliceous,  fine-grained  limestones 
intermixed  with  chert;  in  Union 
and  Alexander  Counties  and  at  the 
south  end  of  the  Devil’s  Backbone 
in  Jackson  County. 


Bailey  Limestone — fine-grained,  sili¬ 
ceous  limestone  with  some  chert; 
in  Union  and  Alexander  Counties. 

Ordovician  System: 


Kimmswick-Plattin  Formation — light- 
colored,  crystalline,  and  very  pure 
in  the  upper  member;  dark  and 
fine-grained  below;  outcrops  at 
Thebes  in  Alexander  County  and  at 
Valmeyer  in  Monroe  County. 

III. 

Selected  Stations  and 
Their  Plant  Communities 

In  order  to  simplify  discussion  and 
analysis,  those  outcroppings  which 
are  located  close  to  one  another  and 
which  are  generally  ecologically  simi¬ 
lar  have  been  grouped  here.  These 
naturally  fall  into  the  following  five 
major  groupings : 

Group  I — Mississippi  River  bluffs  in 
Monroe  and  Randolph  Counties. 
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Group  II — Devil’s  Bake  Oven  and  Dev¬ 
il’s  Backbone,  on  the  Mississippi  Riv¬ 
er  near  Grand  Tower  in  Jackson 
County. 

Group  III — Massive  bluffs  at  tlie  eastern 
edge  of  the  Mississippi  floodplain  in 
southern  Jackson  County  and  parts 
of  Union  County. 

Group  IV — Isolated  interior  bluffs  in 
Johnson  County. 

Group  V — Ohio  River  bluffs  and  interi¬ 
or  outcroppings  in  Hardin  County. 

In  the  discussion  which  follows, 
the  general  characteristics  of  the  out¬ 
croppings  in  each  major  group  are 
given  and  the  plant  communities  are 
discussed.  Descriptions  of  individual 
stations  follow  the  general  discus¬ 
sion.  Each  station  is  given  an  ab¬ 
breviation  used  to  indicate  locality 
records  in  the  annotated  list  of  vas¬ 
cular  plants. 

GROUP  I— MONROE-RANDOLPH 
COUNTY  BLUFFS 

General  Discussion 

The  limestone  bluffs  in  Monroe  and 
Randolph  Counties  run  north  and  south 
in  a  more  or  less  continuous  chain 
along  the  eastern  side  of  the  broad 
Mississippi  floodplain,  here  commonly 
referred  to  as  the  American  Bottoms. 
For  the  greater  part  of  their  extent,  a 
narrow  bluff  road  runs  along  the  edge 
of  the  floodplain  parallel  to  their  base, 
separating  them  from  the  cultivated 
fields  to  the  west.  The  wooded  talus 
slope  extends  down  to  the  edge  of  the 
road  along  many  of  the  bluffs;  in  some 
places  the  road  veers  westward  onto 
the  floodplain.  Above  the  talus  slope 
a  rock  face,  usually  of  St.  Louis  or 
Salem  limestone,  is  exposed  to  a  vary¬ 
ing  extent.  The  rock  cliff  is  topped  by 
heavy  deposits  of  loess  consisting  of  a 
buff-colored  sandy  loam;  the  hill  prairie 
community  occurs  on  the  slope  of  this 
loess  and  on  the  rock  ledges  exposed 
there.  The  prairies  are  found  mostly 
on  the  southern  and  western  slopes; 
they  do  not  occur  on  all  the  bluffs.  In 
general  they  are  most  prevalent  from 
Valmeyer,  Monroe  County,  south  to 
Prairie  du  Rocher,  Randolph  County. 
They  vary  greatly  in  condition,  chiefly 
in  proportion  to  the  amount  of  grazing 


to  which  they  have  been  subjected.  Up¬ 
land  woods  occur  above  the  prairies 
and  on  the  hills  east  of  the  bluffs.  These 
may  extend  down  to  the  rock  face,  par¬ 
ticularly  at  the  north  ends  of  the  bluffs, 
or  may  replace  the  prairie  over  the 
entire  bluff  top.  Individual  bluffs  are 
mostly  one  to  two  miles  long,  and  100 
to  300  feet  above  the  floodplain  at  their 
high  points;  some  form  continuous  es¬ 
carpments  two  or  three  miles  long. 
Typically  they  terminate  in  narrow 
wooded  valleys  which  are  succeeded  by 
other  ridges.  Surface  streams  are  rare, 
except  in  these  valleys  during  the  wet¬ 
ter  part  of  the  year.  The  bluffs  are 
regularly  indented  by  shallow  runoff 
channels  which  are  dry  save  immedi¬ 
ately  following  a  rain.  Where  the 
bluffs  are  not  shielded  by  trees,  they 
are  generally  exposed  to  severely  xeric 
conditions  during  the  growing  season. 
The  sun  strikes  the  bluff  face  directly 
during  the  better  part  of  the  day,  pro¬ 
ducing  intense  heat.  Winds,  which  are 
prevailingly  from  the  west  here,  sweep 
across  the  broad  American  Bottoms, 
two  to  four  miles  wide,  and  overtop  the 
bluffs  with  considerable  velocity,  ex¬ 
erting  a  corresponding  drying  force. 
These  conditions  are  probably  largely 
responsible  for  the  maintenance  of  ex¬ 
tensive  prairie  areas  here,  over  200 
miles  south  of  the  major  prairie  region 
of  Illinois.  No  hill  prairies  comparable 
in  size  and  diversity  of  species  occur  to 
the  south  in  Illinois.  Several  species, 
both  plants  and  animals,  are  restricted 
in  Illinois  to  these  bluffs;  most  of  these 
are  prairie  or  Ozarkian  forms.  Several 
other  species  reach  the  northern  or 
southern  limit  of  their  Illinois  range 
here.  These  bluffs  were  included  in  the 
Mississippi  Border  Division  of  Vestal’s 
vegetational  division  of  Illinois  (1931). 
Pliysiographically  they  are  part  of  the 
Salem  Plateau  Section  of  Leighton,  Ek- 
blaw,  and  Horberg  (1948).  Evers  (1955) 
provides  a  more  complete  description, 
with  climatological  data  and  quanti¬ 
tative  ecological  data  for  the  hill 
prairies. 

Plant  Communities 

Definite  communities  are  recognized 
more  easily  on  these  outcrops  than  on 
those  discussed  subsequently,  probably 
because  of  the  distinct  zonation  between 
prairie  and  forest  types  occurring  here. 
These  may  be  described  as  follows: 

Mesic  slope  and  ledge  community. 
This  type  occurs  frequently  on  the 
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slopes  at  either  end  of  the  bluffs,  or 
below  the  rock  face  wherever  conditions 
are  suitable  to  support  good  stands  of 
the  predominant  trees,  chiefly  Acer 
saccharum  and,  to  a  lesser  extent, 
Quercus  muhlenbergii.  Flowering  herbs 
are  conspicuous  here  only  during  the 
early  spring,  before  the  maples  produce 
a  dense  shade.  Characteristic  plants  of 
the  rock  ledges  include  Aquilegia  cana¬ 
densis  and  Phacelia  bipinnatifida. 

Talus  slope  community.  This  type  is 
transitional  between  those  of  the  rock 
face  and  of  the  mesic  slopes.  It  differs 
from  the  latter  chiefly  in  being  exposed 
to  drier  conditions  and  in  its  more 
varied  tree  composition.  Characteristic 
trees  include  Quercus  muhlenbergii, 
Bumelia  lanuginosa ,  Cercis  canadensis , 
Gymnocladus  dioicus,  and  Gleditsia 
triacanthos.  Cornus  drummondii  is 
abundant,  as  are  many  vines,  especially 
Cocculus  carolinus.  Some  conspicuous 
herbs  include  Delphinium  tricorne ,  Pha¬ 
celia  purshii ,  Tradescantia  subaspera, 
and  Polymnia  canadensis. 

Rock  face  community.  Several  trees 
and  shrubs  grow  in  crevices  in  the  bare 
rock  face  where  they  are  exposed  to 
extremely  xeric  conditions.  These  in¬ 
clude  most  of  the  ones  occurring  in  the 
preceding  community;  others  are  Juni- 
perus  virginiana ,  Ptelea  trifoliata,  and 
Fraxinus  quadrangulata.  A  few  herbs, 
among  them  Pellaea  atropurpurea ,  Muh- 
lenbergia  cuspidata ,  Mentzelia  oligo- 
sperma ,  Phlox  bifida,  and  Solidcigo 
drummondii,  seem  to  be  largely  re¬ 
stricted  to  the  bare  rock. 

Ledge  top  and  exposed  soil  commu¬ 
nity.  Wherever  rock  ledges  come  to 
the  surface  on  top  of  the  bluff,  they  are 
characteristically  accompanied  by  a  lev¬ 
el  zone  of  bare  soil  of  slight  depth. 
Such  a  zone,  varyihg  in  width  from  a 
few  inches  to  one  or  two  yards,  is  par¬ 
ticularly  evident  between  the  edge  of 
the  bluff  and  adjoining  hill  prairies. 
Liverworts  and  lichens  are  abundant; 
a  conspicuous  fruticose  lichen  was 
identified  by  Mr.  A.  C.  Skorepa  as  Gla- 
clonia  cariosa.  Several  small  annual 
herbs,  some  of  them  weedy,  as  well  as 
a  few  perennials,  are  restricted  largely 
to  this  zone  at  the  stations  examined. 
Among  these  are  Draba  reptans,  Hede- 
oma  hispida,  Androsace  occidentalis, 
Galium  virgatum,  Euphorbia  dictyo- 
sperma ,  Orobanche  uniflora ,  Plantago 
virginica,  and  P.  aristata ,  all  of  which 
bloom  early  in  the  season  and  soon 
wither.  Some  of  the  species  in  evidence 
throughout  most  of  the  season  are  Al¬ 


lium  stellatum,  Aster  patens,  Rudbeckia 
missouriensis,  Heliotrojnum  tenellum, 
Coreopsis  lanceolata,  and  C.  palmata. 

Hill  prairie  community.  This  com¬ 
munity  occurs  on  the  loess  slopes  above 
the  edge  of  the  bluff,  where  it  may  be 
present  as  a  rather  narrow  band  of  a 
few  yards  width,  or  may  cover  several 
acres.  It  is  typically  best  developed  on 
the  southwestern  slopes  of  the  loess  on 
the  highest  bluffs.  The  grasses  domi¬ 
nate,  Andropogon  scoparius  being  the 
most  abundant  species.  Andropogon  ge- 
rardii,  Sorghastrum  nutans,  and  Boute- 
loua  curtipendula  are  also  characteristic 
and  abundant.  Change  in  seasonal  as¬ 
pect  is  very  marked  in  the  prairies  as 
various  perennial  herbs  succeed  one  an¬ 
other  in  dominating  the  scene  with 
their  flowering.  Among  those  species 
which  may  be  sufficiently  abundant 
and  conspicuous  to  do  so  on  the  various 
bluffs  are  Erigeroii  strigosus.  Euphorbia 
corollata,  Echinacea  pallida ,  Psoralea 
tenuiflora,  and  Tephrosia  virginiana 
during  the  first  half  of  the  season,  and 
various  Desmodium,  Lespecleza.  Aster, 
and  Solidago  spp.  toward  its  end. 

Upland  ivoods  community.  The  up¬ 
land  woods  community  is  part  of  the 
dry  oak-hickory  woodland  found  on  the 
wooded  hills  of  the  area.  Most  of  the 
tree  species  also  occur  in  the  slope  and 
rock  face  communities.  Carya  texana. 
Quercus  muhlenbergii,  and  other  up¬ 
land  oaks  and  hickories  are  perhaps 
most  characteristic.  Herbs  include  Ve- 
ronicastrum  virginicum,  Galium  circae- 
zans,  Aureolaria  flava,  and  Helianthus 
hirsutus.  This  community  intergrades 
with  talus  slope  or  hill  prairie  at  its 
lower  border.  Celastrus  scan  dens.  Vi¬ 
burnum  rufidulum,  and  Cornus  drum¬ 
mondii  characteristically  are  found 
along  this  edge. 

Individual  Stations 
(listed  from  north  to  south) 

1.  North  Valmeyer  ( NVal ).  This  sta¬ 
tion  consists  of  a  small  west-facing  bluff 
approximately  three  miles  north  of  Val¬ 
meyer,  in  Monroe  County.  The  bluff, 
about  100  feet  high,  runs  south  for 
about  one-half  mile  from  a  gravel  road 
extending  east  across  the  line  of  bluffs. 
A  small  hill  prairie,  one  of  the  nor¬ 
thernmost  seen  in  this  stretch  of  bluffs, 
occurs  on  the  western  and  southwestern 
slopes  on  top.  An  old  cemetery,  domi¬ 
nated  by  a  large  mausoleum  of  a  Mills 
family,  is  centrally  located  at  the  east¬ 
ern  edge  of  the  prairie.  (Allen  (1963) 
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relates  the  interesting  and  curious  story 
of  this  family  and  describes  the  monu¬ 
ment).  At  the  time  of  the  study,  the 
northern  one-third  of  the  prairie  had 
evidently  been  burned  over  early  in  the 
spring  or  during  the  preceding  fall ; 
the  southern  two-thirds  was  relatively 
undisturbed  and  apparently  ungrazed. 
This  was  not  considered  a  permanent 
station.  It  was  visited  three  times  dur¬ 
ing  May  and  September,  1962.  Species 
collected  only  here  during  this  study 
include  Phacelia  bipinnatifida ,  Comand- 
ra  umbellata ,  Myosurus  minimus ,  and 
Festuca  octoflora. 

2.  Valmeyer  ( Val ).  The  bluff  at  Val- 
meyer  is  the  largest  of  those  used  for 
stations  in  Group  I.  It  extends  for  two 
miles  north  from  the  town  of  Valmeyer 
and  reaches  heights  of  up  to  250  feet 
above  the  floodplain.  The  cliff  along 
its  western  side  appears  to  be  higher 
than  any  others  along  the  Monroe-Ran- 
dolph  County  series  of  bluffs.  The  bluff 
is  composed  chiefly  of  St.  Louis  and 
Kimmswick  limestones.  The  Columbia 
Quarry  Company  operates  a  large  quar¬ 
ry  at  the  southern  end  of  the  bluff.  This 
bluff  is  predominantly  wooded.  About 
one-third  of  the  loess  slope  on  top  is 
covered  by  undisturbed  prairie;  most  of 
this  occurs  at  the  northern  end  and 
in  scattered  patches  in  the  center.  The 
prairie  at  the  southern  end  has  been 
partially  destroyed  by  quarrying  opera¬ 
tions.  This  was  reckoned  a  permanent 
station  and  was  visited  nine  times,  dur¬ 
ing  May,  June,  July,  August,  September, 
and  October,  1962,  and  during  April, 
1963.  Plants  collected  only  at  this  sta¬ 
tion  include  Stipa  spartea,  Carex  ebur- 
nea ,  Salix  humilis,  Aster  texanus,  and 
Aster  dumosus. 

3.  South  Valmeyer  ( SVal ).  This  bluff 
is  the  same  as  that  described  by  Evers 
(1955)  as  the  site  of  his  Valmeyer  hill 
prairie.  Its  north  end  is  about  three 
miles  south  of  Valmeyer.  The  length 
is  about  one  mile,  and  the  maximum 
height  is  approximately  200  feet  above 
the  floodplain.  Its  structure  is  similar 
to  that  of  most  of  the  other  Monroe 
County  bluffs.  The  limestones  exposed 
are  of  the  St.  Louis  and  Salem  forma¬ 
tions.  Prairie,  ungrazed  to  all  appear¬ 
ances,  occupies  about  one-half  the  area 
of  the  brow  slope,  chiefly  at  the  sou¬ 
thern  end  of  the  bluff.  This  was  the 
second  permanent  station.  It  was  visit¬ 
ed  eight  times,  during  May,  June,  July, 
August,  September,  and  October  of 
1962,  and  April  of  1963.  Species  col¬ 
lected  only  at  this  station  include  Muh- 


lenbergia  asperifolia,  Gyperus  ovularis, 
Rhamnus  lanceolatus,  and  Penstemon 
deamii. 

4.  Fults  (F).  This  station  is  rather 
similar  to  the  South  Valmeyer  station 
(number  3).  It  also  was  the  site  of 
one  of  Evers’  stations,  which  he  desig¬ 
nated  as  the  Fults  hill  prairie.  The 
north  end  of  it  is  one  mile  south  of  the 
village  of  Fults  and  the  total  length  is 
about  one  mile.  The  top  of  the  bluff 
is  about  300  feet  above  the  floodplain, 
which  is  approximately  three  and  one- 
half  miles  wide  here.  It  is  chiefly  com¬ 
posed  of  Salem  and  St.  Louis  lime¬ 
stones.  The  bluffs  on  the  Missouri  side 
of  the  river  are  four  to  five  miles  dis¬ 
tant.  This  station  is  perhaps  the  most 
interesting  floristically  of  any  collected 
during  the  course  of  the  present  study. 
The  general  condition  of  the  hill  prairie 
here  is  unusually  good;  no  evidences  of 
grazing  are  apparent.  Almost  the  entire 
loess  slope  supports  at  least  a  narrow 
zone  of  prairie.  This  constitutes  the 
largest  area  of  prairie  of  such  quality 
observed.  Several  plants  rare  elsewhere 
in  Illinois  occur  in  exceptional  abund¬ 
ance  here.  These  include  Galium  vir- 
gatum ,  Heliotropium  tenellum,  Ment- 
zelia  oligosperma,  Euphorbia  dictyo- 
sperma ,  and  Buehnera  americana.  This 
was  considered  a  permanent  station, 
and  was  visited  eleven  times,  during 
May,  June,  July,  August,  September, 
and  October  of  1962,  and  April,  May, 
and  June  of  1963.  Plants  collected  only 
at  this  station  during  the  present  study 
include  Panicum  longifolium,  Prunus 
angustifolia.  Euphorbia  dietyosperma , 
Ruellia  strepens,  and  Lactuca  ludovi- 
ciana. 

5.  Prairie  du  Rocher  (PduR).  From 
the  town  of  Prairie  du  Rocher.  Ran¬ 
dolph  County,  a  more  or  less  unbroken 
cliff  of  limestone  of  the  St.  Louis  for¬ 
mation  extends  northward  for  two  to 
three  miles,  past  the  Monroe  County 
line.  Maximum  height  is  about  300 
feet.  Two  quarries  are  at  present  in 
operation  in  this  stretch  of  bluff.  The 
talus  slope  community  is  somewhat  re¬ 
stricted  in  extent  here,  as  the  bluff  road 
runs  almost  immediately  beneath  the 
cliff  face  in  manv  places.  The  extent  of 
hill  prairie  is  relatively  the  same  as  at 
the  stations  to  the  north,  but  the  prairie 
is  of  a  much  poorer  quality  and  appears 
heavily  overgrazed  in  places;  it  was 
at  the  time  of  writing  being  used  as  a 
nasture  for  burros.  The  Sampson  and 
Phegley  hill  prairies,  studied  in  detail 
by  Evers  (1955),  are  located  on  these 
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bluffs.  Because  of  the  relatively  poor 
quality  of  the  prairie  and  its  disturb¬ 
ance  y  grazing  animals,  this  series  of 
bluffs  was  not  used  as  a  permanent 
station.  It  was  visited  four  times,  dur¬ 
ing  November,  1961,  and  April,  May, 
and  August,  1962.  Plants  collected  only 
at  this  station  include  Panicum  helleri, 
Cassia  nictitans ,  Centiana  puberula, 
Asclepias  amplexicaulis ,  and  Phy sails 
heterophylla. 

GROUP  II— DEVIL’S  BAKE  OVEN 
AND  DEVIL’S  BACKBONE 

General  Discussion 

Group  II  consists  of  two  small  and 
rather  dissimilar  outcrops  found  im¬ 
mediately  north  of  the  town  of  Grand 
Tower  in  southwestern  Jackson  County. 
Unlike  all  the  other  western  bluffs  in¬ 
cluded  in  this  study,  they  abut  directly 
on  the  Mississippi  River  and  are  sepa¬ 
rated  from  the  bluffs  in  Missouri  by  a 
distance  of  only  about  a  mile.  Appar¬ 
ently  this  close  proximity  has  allowed 
certain  plants  which  find  the  habitat 
suitable  to  cross  the  river  and  become 
established  here.  Those  that  are  re¬ 
stricted  to  these  outcrops  in  the  im¬ 
mediate  area  probably  have  been  unable 
to  cross  the  floodplain  to  the  east, 
which  separates  the  Devil’s  Backbone 
from  the  Pine  Hills  bluffs  of  Group  III 
by  about  four  miles  at  this  point.  Prob¬ 
ably  such  plants  as  Androsace  occi- 
dentalis  have  been  independently  estab¬ 
lished  here  and  on  the  Monroe  County 
bluffs.  These  bluffs  have  been  placed  in 
the  same  vegetational  and  physiographic 
divisions  as  have  those  in  Groups  I  and 
III.  Ecologically  these  two  outcrops 
differ  considerably.  The  Backbone  is 
predominantly  wooded:  the  Bake  Oven 
has  been  cleared  mostly  and  is  dis¬ 
turbed  frequently  by  fishermen,  pic¬ 
nickers,  and  sight-seers.  Much  of  the 
top  is  covered  by  a  bluegrass  sod.  Many 
collectors  have  visited  these  sites,  and 
the  flora  of  both  is  fairly  well  known. 
Because  of  their  dissimilarities,  the 
plant  communities  of  each  are  described 
in  the  individual  discussions. 

Individual  Stations 

6.  Devil's  Bake  Oven  (DBO).  This 
rather  unique  outcrop  consists  of  an 
easternly  tilted  block  of  Hamilton  and 
Grand  Tower  limestones  about  one  mile 
north  of  Grand  Tower,  in  southwestern 
Jackson  County.  The  strata  descend 


beneath  the  waters  of  the  Mississippi 
River  at  the  northwest  corner  of  the 
Bake  Oven.  Along  its  western  edge,  a 
narrow  sandbar  separates  it  from  the 
river.  Although  it  is  only  about  one- 
fourtli  acre  in  area,  its  flora  includes 
several  interesting  species,  and  it  is  the 
sole  southern  Illinois  or  Illinois  sta¬ 
tion  for  a  few  [e.g^  Panicum  malaco- 
phyllum).  This  outcrop,  perhaps  be¬ 
cause  of  its  ready  accessibility,  has  been 
extensively  collected  in  the  past. 

Communities.  The  small  size  of  this 
outcropping  makes  delimitation  of  plant 
communities  difficult,  although  plants 
of  widely  varying  nature  and  ecological 
requirements  are  found  here.  A  com¬ 
munity  of  plants  typical  of  sandbars 
and  riverbanks  occurs  on  the  low  ledges 
coated  with  sand  on  the  western  and 
northern  sides;  this  includes  Lepto- 
chloa  filiformis ,  Eragrostis  hypnoides, 
and  Amorpha  fruticosa.  A  rock  ledge 
community  of  the  type  characteristic 
of  the  west-facing  rock  faces  of  the 
river  bluffs  occurs  on  the  low  cliff  on 
the  west  side.  Solidago  drummondii , 
Phlox  bifida ,  Pellaea  atropurpurea , 
Cheilanthes  feei .  and  Juniperus  virgini- 
ana  are  all  found  here.  The  south  end 
of  the  flattisli  top  is  the  site  of  a 
weedy  community,  including  Bromus 
tectorum,  Poa  pratensis ,  Lespedeza 
stipulacea.  Trifolium  procumbens .  and 
Torilis  iaponica.  The  north  end  is  over¬ 
grown  by  honeysuckle  ( Lonicera  ja- 
ponica)  climbing  in  Diospyros  virgini- 
ana,  Sassafras  albidum ,  and  a  variety  of 
other  trees,  most  rather  small.  Some 
plants  characteristic  of  mesic  slopes, 
such  as  Aquilegia  canadensis ,  occur  on 
the  northern  slope.  This  was  one  of 
the  permanent  stations,  and  was  visit¬ 
ed  nine  times,  during  April,  May,  June. 
July,  August,  September,  October,  and 
December,  1962.  Plants  collected  only 
at  this  station  include  Leptochloa  fili¬ 
formis,  Paspalum  laeve,  Panicum  an- 
ceps,  Panicum  malacophyllum.  Acnida 
tamariscina .  Lespedeza  stipulacea,  and 
Sedum  triphyllum. 

7.  Devil's  Backbone  (DBB).  This 
ridge  of  Hamilton,  Grand  Tower,  and 
Clear  Creek  limestones  extends  south¬ 
ward  from  near  the  Devil’s  Bake  Oven 
in  Sect.  24,  T  10  S,  R  4  W,  in  Jackson 
County,  for  about  one-half  mile  to  the 
northern  limits  of  the  town  of  Grand 
Tower.  Trees  cover  almost  all  the  area 
of  the  ridge,  which  reaches  a  maximum 
height  of  150  feet.  The  western  slope 
in  the  past  has  been  much  disturbed  by 
quarrying  and  roadwork  activities;  a 
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narrow  roadway  runs  along  the  base 
on  this  side  separating  the  bluff  from 
the  river.  These  disturbed  areas  have 
been  heavily  invaded  by  weedy  plants. 
A  mesic  slope  and  ledge  community 
occurs  here,  chiefly  on  the  eastern  and 
northern  slopes;  Campanula  americana , 
A  quileqia  canadensis ,  and  Acer  saccha- 
rum  are  characteristic  plants.  This  com¬ 
munity  is  differentiated  rather  poorly 
from  that  of  the  drier  slopes  and  up¬ 
land  woods,  where  oaks  and  hickories 
are  the  predominant  trees.  Additional 
abundant  plants  are  Ostrya  virginiana, 
Ulmus  alata,  and  Lespedeza  violacea. 
Solidago  drummondii  and  Phlox  bifida 
occur  on  the  exposed  ledges.  A  relict 
lowland  community,  including  Populus 
deltoides  which  occurs  on  top  of  the 
ridge,  has  been  described  in  Molilen- 
brock  and  Voigt  (1959).  This  was  con¬ 
sidered  a  permanent  station.  Collec¬ 
tions  were  made  here  over  eight  visits 
during  April,  May,  June,  July,  August, 
September,  and  October  of  1962.  Species 
collected  only  on  the  Devil’s  Backbone 
during  the  present  study  include  Paspa- 
lum  ciliatifolium  (var.  stramineum) , 
Panicum  nitidum  (var.  nitidum ),  Agri- 
monia  parviflora,  Lysimachia  lanceo- 
lata ,  and  Helianthus  maximiliani. 

GROUP  III— JACKSON-UNION 
COUNTY  RIVER  BLUFFS 

General  Discussion 

From  southern  Jackson  County  south 
through  most  of  Union  and  parts  of 
Alexander  Counties,  a  series  of  bluffs 
formed  of  Bailey  limestone  follows  the 
eastern  edge  of  the  Mississippi  flood- 
plain.  These  may  rise  to  heights  of  200 
to  300  feet  above  the  floodplain  in  the 
Pine  Hills  area.  Although  these  bluffs 
resemble  physiograpliically  those  dis¬ 
cussed  under  the  Group  I  heading,  and 
are  likewise  placed  in  the  Salem  Ph 
teau  Section  by  Leighton,  et  al.  (1948), 
and  the  Mississippi  Border  Division  of 
Vestal  (1931),  they  differ  in  several  im¬ 
portant  respects.  The  Bailey  limestone 
is  much  more  clierty  than  is  typical  of 
the  St.  Louis  and  Salem  limestones 
predominating  in  the  northern  bluff"! 
The  thick  loess  deposits  are  generally 
not  found  directly  above  the  upper  lime¬ 
stone  ledges  which  are  surmounted  in¬ 
stead  by  slopes  composed  largely  of 
clierty  gravel.  This  is  derived  from  the 
upper  member  of  the  Bailey  formation, 
a  chert  formerly  known  as  the  Grassy 


Knob  chert.  Except  for  several  expans¬ 
es  of  barren  or  near-barren  rock,  these 
bluffs  are  shaded  by  trees  in  most 
places.  True  hill  prairies  are  few  and 
of  small  extent.  The  floodplain  at  the 
base  of  the  bluffs  is  usually  heavily  for¬ 
ested  and  often  swampy.  Most  of  this 
region  has  been  extensively  botanized; 
the  flora  is  comparatively  well  known. 

Plant  Communities 

The  following  communities  may  be 
recognized : 

Mesic  slope  and  ledge  community. 
This  type  of  community  is  particularly 
well  developed  here.  Many  herbs,  includ¬ 
ing  Cystopteris  fragilis,  Adiantum  peda- 
tum.  Boehmeria  cylindrica.  Laportea 
canadensis ,  Pilea  pumila,  TJniola  lati- 
folia,  and  Impatiens  biflora  and  I.  pal¬ 
lida,  as  well  as  most  of  the  common 
woodland  spring  wild  flowers,  can  be 
found  on  the  low,  moist,  shaded  ledges 
near  the  bases  of  slopes  and  cliffs.  Some 
of  the  characteristic  woody  plants  are 
Hydrangea  arborescens,  Ribes  cynosbati . 
Staphylea  trifolia,  Tilia  americana,  and 
Acer  saccharum. 

Talus  slope  community.  The  talus 
slopes  offer  fairly  extensive  dry,  un¬ 
shaded  areas  between  scattered  trees 
and  shrubs.  Many  have  been  disturbed 
by  road  construction  activities  and  af¬ 
ford  suitable  habitat  for  numerous 
weedy  species.  Vines  are  abundant. 
Characteristic  plants  include  Polygonuyn 
scandens.  Arctium  minus,  Chenopodium 
hybridum,  Euphorbia  dentata,  E.  macu- 
lata,  Menispermum  canadeyise,  Ampelop- 
sis  cordata,  and  Sicyos  angulatus. 

Bare  rock  face  and  slope  community. 
This  community  is  generally  very  simi¬ 
lar  to  the  rock  face  communities  de¬ 
scribed  for  Groups  I  and  II.  Additional 
notable  plants  include  Melica  nitens, 
Physalis  virginiana ,  Houstonia  tenui- 
folia.  Croton  monanthogynus,  Hedeoma 
pulegeoides,  Rhus  aromatica,  and  Soli¬ 
dago  radula. 

Hill  prairie  community.  The  hill 
prairie  community  occurring  here  also 
closely  resembles  that  found  on  the 
Monroe-Randolph  County  bluffs,  with 
the  Andropogons  and  Sorghastrum  the 
dominant  plants.  The  total  diversity  of 
species  is,  however,  much  reduced.  Malus 
ioensis,  Kuhnia  eupato?'ioides,  and  the 
white  and  purple  Petalostemums  occur. 
This  community  has  been  described  in 
Molilenbrock  and  Voigt  (1959). 

Upland  ivoods  community.  Although 
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the  upland  woods  community  here  is 
associated  more  typically  with  the 
cherty  slopes  above  the  limestone  than 
with  the  limestone  outcroppings  proper, 
it  may  occur  on  either.  The  upland  oaks 
and  hickories  are  the  most  abundant 
trees.  Some  of  the  more  unique  species 
are  Pinus  echinata,  Vaccinium  vacillans, 
V.  arboreum,  Rhododendron  roseum,  R. 
nudiflorum,  and  Stylosanthes  biflora. 

Individual  Stations 

8.  Pine  Hills  (PH).  Included  here  is 
a  series  of  high  bluffs  of  the  Bailey 
formation  almost  nine  miles  in  total 
length,  extending  southward  from  near 
the  southern  border  of  Jackson  County 
to  Wolf  Lake,  in  northern  Union  Coun¬ 
ty.  A  gravel  road  runs  from  the  Big- 
Muddy  River  levee  southward  along 
the  base  of  the  bluff  for  about  three 
miles.  The  LaRue  Swamp  lies  to  the 
west.  Collecting  was  concentrated  at 
selected  outcroppings  along  this  bluff 
road,  although  the  entire  extent  of  the 
bluffs  was  investigated  during  the 
course  of  the  study.  The  group  of  bluffs 
as  a  whole  was  considered  a  single  per¬ 
manent  station;  they  were  visited  fif¬ 
teen  times,  during  April,  May,  June, 
July,  August,  September,  and  October 
of  1962.  Among  the  many  species  col¬ 
lected  here  only  are  Diarrhena  ameri- 
cana,  Bromus  inermis,  Polygonum  long- 
istylum,  Chenopodium  liybridum,  Par¬ 
onychia  fastigiata.  Prunus  mexicana , 
Euphorbia  heterophylla ,  and  Aster  tur- 
binellus. 

9.  McClure  (Me).  The  McClure  station, 
about  2%  miles  northeast  of  McClure, 
Alexander  County,  and  directly  north  of 
Happy  Hollow,  Union  County,  included 
a  IV2  mile  length  of  bluff  of  Bailey 
limestone.  In  many  respects  the  area 
resembles  that  at  Pine  Hills.  The  bluff 
is,  however,  only  150  to  200  feet  high 
at  the  maximum  relief  and  is  almost 
completely  shaded.  No  true  hill  prairie 
is  present.  The  area  is  on  the  whole 
more  mesic  than  the  Pine  Hills,  and 
this  is  reflected  in  the  kinds  of  plants 
collected  there.  This  permanent  station 
was  visited  nine  times,  during  April, 
May,  June,  July,  September,  and  October 
of  1962,  and  April  of  1963.  Notable  plants 
collected  only  at  this  station  include 
Panicum  perlongum,  Bracliyelytrum 
erectum,  Laportea  canadensis,  Desmodi- 
um  viridiflorum,  Collinsonia  canadensis . 
Ruellia  pedunculata,  and  Rudbeckia  bi¬ 
color. 


GROUP  IV— ISOLATED 
INTERIOR  OUTCROPPINGS 

General  Discussion 

In  the  interior  parts  of  southern  Illi¬ 
nois,  away  from  the  major  rivers,  mas¬ 
sive  limestone  bluffs  are  very  few.  Major 
rock  outcroppings  are  limited  to  the 
rugged  Shawnee  Hills  physiographic 
region,  which  is  well  known  for  its 
sandstone  bluffs  and  characteristic 
sandstone  vegetation.  In  the  southern 
part  of  this  region,  south  of  the  main 
Pennsyvanian  shield,  limestone  outcrop¬ 
pings  are  widespread,  but  usually  oc¬ 
cur  in  barely  exposed  seams  beneath 
overlying  sandstone.  Most  often  the  ex¬ 
posure  is  on  a  south-facing  slope  above 
a  stream  valley.  The  distribution  of  out¬ 
crops  is  disjunct  and  very  irregular; 
all  are  small  in  extent  as  compared  to 
those  along  the  rivers.  In  general,  there¬ 
fore,  their  vegetation  would  be  expected 
to  be  less  uniform  than  that  of  the  river 
bluffs  and  more  similar  to  that  of  ad¬ 
joining  sandstone  areas.  They  lie  in 
Vestal’s  Shawnee  Hills  vegetational  di¬ 
vision  and  in  the  Shawnee  Hills  physio¬ 
graphic  section  of  Leighton,  et  al. 
(1948). 

As  it  would  have  been  impractical  to 
study  thoroughly  all  the  limestone  out¬ 
croppings  available,  this  investigation 
was  limited  to  two  relatively  accessible 
ones  located  in  Johnson  County  and 
presumed  to  be  characteristic.  Although 
these  were  quite  similar  in  most  respects 
and  only  about  five  miles  apart,  they 
showed  distinct  individualities  in  their 
floras.  A  very  few  plants  occurred  at 
each  which  were  found  in  no  other 
study  areas  and  which  do  not  appear  to 
be  characteristic  of  the  sandstone  areas. 
Both  of  these  stations  include  small 
rocky  prairie  slopes  surrounded  by 
woods.  They  both  occur  at  the  ends  of 
east-west  ridges  north  of  stream  valleys; 
one  faces  southeast,  the  other  southwest. 
Both  are  capped  by  thin  sandstone  de¬ 
posits.  Only  sandstone  outcroppings  are 
evident  to  the  east  and  west  of  the  ex¬ 
tent,  approximately  one-fourth  to  one- 
lialf  miles,  of  the  limestone  outcrop. 
The  limestone  here  belongs  to  the  Gol- 
conda  formation. 

Plant  Communities 

The  following  communities  may  be 
recognized: 

Lower  mesic  slope  community.  Quer- 
cus  muhlenbergii,  various  other  oaks. 
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Acer  saccharum,  and  Celtis  occidentalis 
are  characteristic,  as  is  Arundinaria 
gigantea. 

Prairie  community.  The  prairie  com¬ 
munity  is  dominated  by  the  Andropo- 
gons,  Sorghastrum,  and  Bouteloua.  Vari¬ 
ations  in  seasonal  aspect  proceeding 
from  the  succession  of  flowering  herbs 
is  notable,  as  in  the  Mississippi  bluff 
prairies.  Lithospermum  canescens  is  one 
of  the  first  conspicuous  herbs,  coming  in¬ 
to  flower  in  late  April.  Plants  which 
may  subsequently  dominate  the  aspect 
of  these  prairies  include  Echinacea  pal¬ 
lida.  Zizia  aurea ,  Silphium  terebinthin- 
aceum,  Euphorbia  corollata,  Agave  vir- 
ginica,  Kuhnia  eupatorioides,  Salvia 
pitcheri,  and  Physostegia  virginiana. 

Dry  ridge  top  woods  community .  Quer- 
cus  muhlenbergii  is  probably  the  most 
abundant  tree.  Characteristic  plants  in¬ 
clude  Galactic  volubilis,  Crataegus  en- 
gelmannii,  Smilax  bona-nox.  Polypodium 
polypodioides,  and  Cheilanthes  lanosa. 

Individual  Stations 

10.  Scanlin  Spur  (SS).  The  name  for 
this  station  was  derived  from  the  U.  S. 
Geological  Survey  topographic  map  and 
refers  to  a  settlement  on  the  Chicago, 
Burlington,  and  Quincy  Railroad  about 
one  and  one-fourth  miles  to  the  west. 
The  station  is  in  Sect.  19,  T  13  S,  R 
3  E,  in  Johnson  County,  and  is  about 
three  and  one-half  miles  southwest  of 
Vienna.  It  was  located  through  a  ref¬ 
erence  in  Worthen  (1882).  The  prairie 
occurs  on  a  southeast-facing  spur  of  a 
ridge  reaching  a  height  of  200  feet 
above  a  sharp  bend  in  the  Cache  River. 
This  was  considered  a  permanent  sta¬ 
tion,  and  was  visited  eleven  times,  dur¬ 
ing  November,  1961,  April,  May,  June, 
July,  August,  September,  and  October 
of  1962,  and  April  of  1963.  Species  col¬ 
lected  only  here  include  Sphenopholis 
7iitida.  Car  ex  retroflexa ,  Quercus  shu- 
mardii,  Ilex  verticillata,  Frasera  carol- 
inensis ,  Vernonia  altissima,  and  Ver- 
besina  helianthoides. 

11.  Cave  Creek  (CC).  This  station  is 
quite  similar  to  the  preceding.  It  is  lo¬ 
cated  immediately  east  of  U.  S.  Route  45 
about  four  miles  south  of  Vienna  in 
Sect.  28,  T  13  S,  R  3  E,  in  Johnson  Coun¬ 
ty.  The  prairie  slope  in  this  instance 
faces  generally  southwest,  occupying  a 
spur  of  a  200-foot  high  ridge  overlook¬ 
ing  Cave  Creek.  This  was  the  site  of 
Evers’  Cave  Creek  hill  prairie;  the  name 
is  taken  from  his  paper.  This  also  was 
utilized  as  a  permanent  station ;  it  was 


visited  twelve  times,  during  November, 
1961,  April,  May,  June,  July,  August, 
September,  and  October  of  1962,  and 
April  of  1963.  Notable  species  collected 
only  at  this  station  are  Ophioglossum 
engelmannii,  Rubus  pennsylvanicus,  Sal¬ 
via  pitcheri,  Galium  concinnum,  and 
Houstonia  lanceolate. 


GROUP  V— HARDIN  COUNTY 

OUTCROPS  AND  RIVER  BLUFFS 

General  Discussion 

The  outcroppings  grouped  for  discus¬ 
sion  here  present  rather  varied  ap¬ 
pearances;  many  points  of  similarity 
may  be  enumerated,  however.  All  are 
located  in  Hardin  County  near  the  Ohio 
River,  and  all  characteristically  consist 
at  least  in  part  of  massive  ledges  or 
bluffs  of  limestone  with  considerable 
areas  of  smooth  rock  face  exposed.  They 
are  composed  chiefly  of  Mississippian 
limestone  of  the  Ste.  Genevieve,  St. 
Louis,  or  Renault  formations.  The  Ohio 
River  bluffs  are  less  uniform  in  nature 
than  those  along  the  Mississippi.  They 
are  discontinuous  and  of  widely  vary¬ 
ing  heights.  Most  are  capped  by  sand¬ 
stone,  which  often  forms  almost  the 
entire  exposed  portion  of  the  bluff.  The 
main  area  of  limestone  exposure  is  along 
the  Hardin  County  part  of  the  river, 
with  the  highest  cliff  of  limestone  oc¬ 
curring  at  Cave-in-Rock.  To  the  west 
in  Pope  County,  and  to  the  north  in 
Gallatin  County,  the  limestone  usually 
is  seen  only  at  the  base  of  the  bluffs, 
where  it  is  often  subject  to  denudation 
by  the  river  in  flood;  similar  situations 
occur  in  places  in  Hardin  County. 

Most  Hardin  County  bluffs  face  south, 
where  they  may  or  may  not  be  separated 
from  the  river  by  a  floodplain.  Some¬ 
what  similar  outcroppings  occur  away 
from  the  river  toward  the  interior  of 
the  county;  a  few  of  these  were  investi¬ 
gated. 

Trees  shade  the  entire  outcropping 
in  most  of  those  included  in  Group  V. 
Separate  communities  are  not  well  de¬ 
fined.  The  plants  are  typically  those  of 
mesic  woodland,  often  southern  in  af¬ 
finity.  The  following  communities  may 
be  recognized: 

Mesic  slope  community .  The  dominant 
tree  is  Acer  saccharum.  Stands  of  this 
tree  may  give  way  to  oak-  and  hickory- 
dominated  woodlands.  Vines  are  espe¬ 
cially  conspicuous  on  the  lower  slopes. 
These  include  Aristolochia  tomentosa. 
Cocculus  carolinus,  Calycocarpon  lyonii. 
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Clematis  pitclieri,  Vitis  spp.,  Ampelop- 
sis  cor  data ,  Lonicera  japonica,  and  Tra- 
gia  cordata.  Herbs  of  the  moist  slope 
include  Campanula  americana ,  Cuphea 
petiolata,  Dentaria  laciniata,  and  Ver¬ 
bena  urticifolia.  Sedum  ternatum  occurs 
on  the  shaded  rock  ledges. 

Dry  ridge  and  slope  community.  The 
tree  flora  is  generally  diverse  in  this 
community.  Quercus  muhlenbergii,  Q. 
alba,  Celtis  occidentalis,  and  JJlmus 
americana  are  common.  Smilax  bona- 
nox  and  Symphoricarpos  orbiculatus 
may  form  dense  tangles.  In  some  ex¬ 
posed  places,  the  herbs  are  chiefly 
weedy;  these  include  Bromus  tectorum. 
Geranium  carolinianum,  and  Specularia 
jierfoliata.  Characteristic  native  herbs 
are  Agave  virginica  and  Anemone  vir- 
giniana. 

Individual  Stations 

12.  Shetlerville  (Shet).  This  interest¬ 
ing  study  area  encompasses  a  series  of 
outcroppings  along  the  Ohio  River  south¬ 
east  of  Shetlerville,  in  the  southeast 
one-fourtli  of  Sect.  35,  T  12  S,  R  8  E,  in 
Hardin  County.  The  Rich  Hill  of  the 
topographic  maps  is  included.  The  bluffs 
may  reach  200  feet  above  the  river.  Most 
of  these  outcroppings,  in  the  Renault, 
St.  Louis,  and  Ste.  Genevieve  formations, 
are  but  slight  exposures;  ten-  to  twenty- 
foot  ledges,  however,  occur  in  places. 
Two  abandoned  quarries  are  within  the 
study  area.  One,  formely  operated  by 
the  Shetlerville  Quarry  Corporation,  is 
at  its  western  edge.  The  second,  a 
Columbia  Quarry  operation,  is  on  the 
western  side  of  Rich  Hill.  These  quarry¬ 
ing  operations,  in  addition  to  farming 
carried  on  near  the  edge  of  the  bluff 
in  a  few  places,  have  resulted  in  a  num¬ 
ber  of  weedy  situations.  The  greater  ex¬ 
tent  of  the  outcroppings,  however,  is 
inhabited  by  rich  and  unique  native 
flora.  This  is  considered  to  be  a  perma¬ 
nent  station.  It  was  visited  eleven  times, 
during  April,  May,  June,  July,  August, 
September,  and  October  of  1962,  and 
April  of  1963.  Species  collected  only  at 
this  station  include  Robinict  pseudoaca¬ 
cia,  Xanthoxylum  americanum,  Tragia 
cordata,  Cuphea  petiolata,  Bumelia  ly- 
cioides,  Gonolobus  gonocarpos.Dicliptera 
brachiata,  Catalpa  speciosa,  and  Aster 
shortii. 

13.  Cave-in-Rock  (CiR).  The  high  bluff 
of  St.  Louis  limestone  which  rises  above 
the  Ohio  River  in  Cave-in-Rock  State 
Park  is  one  of  the  largest  solid  lime¬ 
stone  outcrops  in  southeastern  Illinois. 


Human  activities  in  this  area  have  re¬ 
sulted  in  great  alterations  in  the  flora. 
Chiefly  because  of  this,  the  Cave-in-Rock 
bluff  was  visited  only  twice  during  the 
present  study,  in  April  and  July  of  1962. 
Morus  alba,  Rumex  crispus,  and  Cap- 
sella  bursa-pastoris  were  recorded  only 
from  this  station. 

14.  East  Cave-in-Rock  (ECiR).  Approx¬ 
imately  two  and  one-half  miles  east  of 
Cave-in-Rock,  a  ten-  to  twenty-foot  high 
bluff  of  Renault  limestone  was  selected 
as  an  additional  study  site.  This  out¬ 
cropping  is  about  one-half  mile  in  length 
and  faces  south  toward  the  Honey  Creek 
bottoms  and  the  Ohio  River  floodplain 
in  Sections  16  and  17,  T  11  S,  R  10  E, 
in  Hardin  County.  It  resembles  the 
Shetlerville  study  area,  although  of 
much  lesser  extent,  and  is  shaded 
throughout.  It  was  visited  three  times, 
during  July  and  September  of  1962,  and 
April  of  1963.  Species  collected  only  at 
this  station  include  Panicum  dichoto- 
mum,  Prunus  virginiana,  and  Crataegus 
pruinosa. 

15.  Hogthief  Creek  (HC).  Attempts 
were  made  during  this  study  to  locate 
sizable  outcroppings  in  the  interior  of 
Hardin  County,  which  is  largely  under¬ 
lain  by  limestones  of  diverse  age.  The 
only  one  eventually  collected  is  near  the 
bridge  over  Hogthief  Creek  in  the  Kas- 
kaskia  Experimental  Forest  in  the  south¬ 
ern  part  of  Sect.  3,  T  11  S,  R  8  E,  in 
Hardin  County.  Here  small  outcrops  of 
Ste.  Genevieve  limestone  have  been  ex¬ 
posed  by  the  creek  in  a  situation  rep¬ 
resentative  of  many  small  interior  out¬ 
croppings.  The  nature  of  the  community 
was  decidedly  mesic.  The  only  visit  was 
made  May  12,  1962.  Species  seen  on 
limestone  at  this  station  only  were  Carex 
texensis,  Betula  nigra,  and  Valerianella 
radiata. 

IV. 

Limestone  Areas  and  the 
Distribution  of  Animals 
In  Southern  Illinois 

To  what  extent  the  distribution  of 
animals  in  southern  Illinois  is  re¬ 
lated  to  that  of  limestone  outcrop¬ 
ping's  is  uncertain.  Probably  for 
most,  the  relationship  is  slight.  Cer¬ 
tainly  rock  outcroppings  of  either 
sandstone  or  limestone  provide  fa- 
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vorable  habitats  for  many  animals. 
The  author's  personal  impression, 
after  several  years  of  experience 
among  both  types  in  southern  Illi¬ 
nois,  is  that  the  limestone  habitat 
is  somewhat  richer  in  both  number 
of  species  and  number  of  individuals. 
The  major  limestone  outcrops  appear 
to  be  areas  of  concentration  of  ani¬ 
mal  life.  It  is  possible,  however, 
that  this  apparent  concentration  is 
more  related  to  conditions  in  adjoin¬ 
ing  areas,  the  presence  of  swamps, 
for  instance,  than  to  any  superiority 
of  the  limestone. 

Probably  the  outstanding  exam¬ 
ples  of  animals  restricted  to  the  habi¬ 
tats  provided  by  limestone  outcrop¬ 
pings  are  found  among  certain  prai¬ 
rie  species  which  occur  in  apparent¬ 
ly  relict  colonies  on  the  bluffs  in 
Monroe  and  Randolph  Counties ; 
several  are  found  nowhere  else 
in  the  state.  The  factors  respon¬ 
sible  for  the  occurrence  of  certain 
peculiar  animals,  and  plants  as 
well,  in  these  localities  are  un¬ 
certain.  The  populations  present 
could  represent  relict  colonies  re¬ 
stricted  to  this  area  by  a  reduction 
in  extent  of  their  former  range.  The 
extent  of  prairie  in  Illinois  is  be¬ 
lieved  to  be  dwindling  from  a  maxi¬ 
mum  associated  with  post-glacial 
conditions.  On  the  other  hand,  their 
presence  could  be  due  to  recent  ex¬ 
tension  of  range  into  a  favorable 
habitat.  Since  most  of  the  unique 
species  are  apparently  Ozarkian  or 
prairie  forms,  this  probably  would 
imply  that  they  had  recently  entered 
from  Missouri,  surmounting  the  bar¬ 
rier  presented  by  the  Mississippi 
River.  A  group -by-group  discussion 
follows : 

1.  Invertebrates.  Undoubtedy  various 


invertebrates  are  more  likely  than  the 
majority  of  vertebrates  to  be  restricted 
to  limestone  outcroppings.  They  are  in 
general  less  motile,  many  are  in  close 
contact  with  the  soil  and  require  partic¬ 
ular  conditions  of  temperature,  mois¬ 
ture,  and  chemistry,  and  they  may  be 
restricted  to  a  specific  host  plant.  Some 
are  well  known  to  be  calcicolous.  A  study 
of  invertebrate  distribution,  at  least  that 
of  certain  groups,  as  it  relates  to  the 
distribution  of  limestone,  might  reveal 
significant  correlations.  Unfortunately 
such  a  study  was  beyond  the  scope  of  the 
present  work.  Some  observations  were 
made,  however.  Evidently  motile  forms 
such  as  butterflies  may  be  channeled 
northward  through  the  Mississippi  Val¬ 
ley  and  thus  tend  to  be  concentrated 
there  and  along  the  uplands  on  either 
side.  Two  southern  species  of  unusual 
occurrence  in  southern  Illinois,  the  dog¬ 
face,  Zerene  cesonia,  and  the  giant  swal¬ 
lowtail,  Papilio  cresphontes,  were  both 
observed  more  than  once  on  the  Monroe- 
Randolph  County  bluffs.  Illinois  breed¬ 
ing  populations  of  the  latter  are  prob¬ 
ably  restricted  to  the  areas  on  the 
Mississippi  River  bluffs  where  Ptelea 
trifoliata  occurs.  The  larva  feeds  only 
upon  this  and  other  members  of  the 
Rutaceae.  The  larvae  of  another  Papilio, 
the  pipevine  swallowtail,  P.  philenor, 
were  found  to  be  very  abundant  on 
Aristolochia  tomentosa  at  Shetlervile; 
adults  were  conspicuous  at  this  locality. 
Probably  this  butterfly  concentrates 
about  the  limestone  bluffs  on  which  A. 
tomentosa  is  found.  It  is  by  no  means 
restricted  to  this  habitat,  however;  it 
is  rather  common  throughout  southern 
Illinois.  Where  A.  tomentosa  does  not 
occur,  the  larvae  may  feed  upon  A.  ser- 
pentaria.  Asarum  reflexum,  or  members 
of  the  Polygonaceae. 

An  abundant  and  conspicuous  inverte¬ 
brate  on  the  bluff  at  Fults  is  the  prairie 
scorpion,  Centrums  carolinianus .  When 
conditions  of  moisture  and  temperature 
are  favorable,  one  or  more  individuals 
of  this  species  may  be  uncovered  beneath 
a  good  proportion  of  any  of  the  small 
flat  rocks  of  the  hill  prairies  and  talus 
slopes.  Like  several  of  the  plants  of  this 
area,  it  apparently  occurs  here  as  a 
relict  population  suggestive  of  formerly 
more  extensive  prairie  conditions. 

2.  Fishes.  Fishes  often  are  adapted  to 
waters  of  a  specific  chemical  nature; 
pH  and  calcium  content  are  known  to 
be  important  to  many  species,  a  number 
of  which  are  restricted  to  the  relatively 
high  pH  values  and  high  calcium  content 
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found  in  the  waters  of  calcareous  areas. 
No  permanent  surface  waters  occurred 
on  any  of  the  limestone  outcrops  visited 
during  this  study  and  no  fish  were  ob¬ 
served.  It  is  possible  that  some  kinds 
of  fish  might  be  restricted  to  the  lime¬ 
stone  sinkhole  ponds  found  in  Hardin 
and  Monroe  Counties.  The  blind  cave 
fish,  Chologaster  agassizi,  which  is 
abundant  in  springs  beneath  the  bluffs 
of  the  Pine  Hills  area,  is  supposedly 
restricted  to  the  waters  of  calcareous 
regions. 

3.  Amphibians  and  reptiles.  The  distri¬ 
bution  of  reptiles  and  amphibians,  like 
that  of  fishes,  is  usually  believed  to  be 
of  greater  zoogeographical  significance 
than  is  that  of  birds  and  mammals,  be¬ 
cause  of  the  generally  greater  motility 
of  the  latter.  It  is  thus  of  especial  inter¬ 
est  that  most  of  the  outstanding  exam¬ 
ples  of  animals  confined  in  Illinois  to 
the  Monroe-Randolph  County  bluffs  are 
among  these  groups.  The  coachwhip 
snake,  Masticophia  flagellum,  and  the 
narrow-mouthed  toad,  Gastrophryne 
carolinensis,  both  have  been  found  only 
here  in  Illinois.  Two  specimens  of  the 
latter  were  found  under  flat  rocks  on 
top  of  the  bluff  at  Fults,  May  25,  1962. 
The  coachwhip  was  not  seen  during  the 
course  of  this  study.  Although  typical 
prairie  animals,  neither  of  these  are 
restricted  to  prairie  throughout  their 
range,  which  includes  the  southeastern 
United  States.  The  tiny  flatheaded 
snake,  Tantilla  gracilis,  another  animal 
of  the  prairies,  reaches  the  northeastern 
limit  of  its  range  in  Illinois,  where  it 
occurs  only  on  the  bluffs  in  Monroe 
County  and  the  Pine  Hills.  Several  spe¬ 
cimens  were  seen  under  flat  rocks  in 
both  localities.  It  prefers  talus  slopes 
or  rocky  prairies.  Apparently  its  ecolo¬ 
gical  requirements  are  very  similar  here 
to  those  of  the  prairie  scorpion.  Both 
species  are  found  occupying  the  same 
habitat  and  are  likely  to  be  seen  in 
greatest  abundance  under  similar  condi¬ 
tions,  chiefly  when  the  soil  has  been 
thoroughly  moistened  by  heavy  rains. 
The  great  plains  rat  snake,  Elaphe  gut¬ 
tata  emoryi,  is  similarly  at  the  north¬ 
eastern  extent  of  its  range  here.  Very 
few  specimens  are  known  from  Illinois; 
all  these  are  from  the  Monroe-Randolph 
County  area  or  from  river  bluffs  in  the 
next  three  counties  to  the  north.  One 
specimen  was  seen  dead  on  the  bluff  road 
at  the  SVal  station  June  3,  1963.  A 
specimen  of  the  prairie  hognose  snake, 
Heterodon  nasicus,  has  been  reported 
from  the  bluff  at  Fults  (Smith  and 


Smith,  1962).  The  species  is  otherwise 
known  east  of  south-central  Minnesota 
and  western  Iowa  only  in  isolated 
colonies  in  sand  prairies  in  northern 
Illinois  and  southeastern  Missouri. 

Other  species  uncommon  in  Illinois 
noted  in  association  with  limestone  in 
the  study  areas  include  the  following: 

Rana  palustris,  the  pickerel  frog.  This 
species  is  found  only  along  the  Missis¬ 
sippi  border  in  southern  Illinois,  al¬ 
though  not  restricted  to  the  limestone 
bluffs  there.  On  two  separate  occasions, 
both  in  June,  individuals  were  seen 
atop  the  bluff  at  Fults. 

Scaphiopus  holbrookii,  the  eastern 
spadefoot  toad.  This  secretive  burrowing 
anuran  is  probably  less  rare  in  Illinois 
than  present  records  indicate.  In  June, 
1962,  a  specimen  was  discovered  on  the 
bluff  road  hopping  toward  the  bluff  at 
Fults,  north  of  the  previous  northern¬ 
most  record  in  the  Mississippi  Valley. 
A  second  specimen  was  discovered  in 
similar  circumstances  at  almost  the 
same  location  June  3,  1963.  Probably 
the  permeable,  loose  soil  of  fine  texture 
characteristic  of  the  bluffs  provides  an 
excellent  burrowing  medium  for  this 
species. 

Cnemidophorus  sexlineatus,  the  six- 
lined  racerunner.  This  lizard,  a  ground 
dweller  of  open  areas,  was  seen  at  Shet- 
lerville,  Cave  Creek,  and  Fults.  The  Cave 
Creek  locality  constitutes  a  Johnson 
County  record  for  the  species.  At  both 
Fults  and  Cave  Creek,  the  individuals 
observed  were  in  the  prairie  areas.  The 
species  also  occurs  in  many  dry  sand¬ 
stone  areas,  particularly  along  roadsides 
and  railroad  right-of-ways. 

Lampropeltis  doliata  syspila ,  the  red 
milk  snake.  This  rarely  seen,  colorful 
snake  is  said  by  Smith  (1961)  to  be  most 
abundant  in  Illinois  in  the  limestone 
bluff  areas  of  the  lower  Mississippi 
border.  Individuals  were  found  under 
flat  rocks  in  hill  prairies  at  the  NVal 
and  PH  stations;  two  additional  speci¬ 
mens,  one  dead,  were  seen  on  the  road 
at  Pine  Hills. 

Several  of  the  more  common  reptiles 
and  amphibians  are  frequently  en¬ 
countered  on  the  limestone  bluffs.  Many 
snakes,  such  as  the  pilot  blacksnake, 
Elaphe  obsoleta,  the  timber  rattlesnake, 
Crotalus  horridus,  the  copperhead,  Ag- 
kistrodon  contortrix,  and  the  cotton- 
mouth,  Agkistrodon  piscivorous,  utilize 
both  sandstone  and  limestone  bluffs  as 
sites  for  hibernation.  In  times  past  these 
may  have  reached  their  greatest  numeri¬ 
cal  abundance  in  Illinois  along  the  bluffs 
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at  Pine  Hills  and  the  lower  Big  Muddy 
River.  Some  of  the  plethodontid  sala¬ 
manders  are  particiularly  abundant  on 
and  near  the  bluffs  at  Pine  Hills.  These 
include  Plethodon  dorsalis,  Eurycea 
lucifuga,  and  Eurycea  longicauda.  All 
these  amphibians  and  reptiles  were  en¬ 
countered  several  times  in  the  course 
of  traversing  the  Pine  Hills  and  Monroe 
County  bluffs. 

4.  Birds.  Most  southern  Illinois  birds 
appear  to  find  limestone  and  sandstone 
outcroppings  equally  favorable  for  hunt¬ 
ing  areas  or  nesting  sites.  The  majority 
shows  no  particular  restriction  to  bluffs 
of  any  kind.  Exceptions  might  be  found 
among  the  diurnal  birds  of  prey.  Many 
of  the  hawks  and  the  turkey  vulture, 
Cathartes  aura,  utilize  the  updrafts 
near  steep  bluffs  for  soaring  and  often 
nest  on  bluffs,  either  limestone  or  sand¬ 
stone.  The  turkey  vulture,  the  red-tailed 
hawk,  Buteo  jamaicensis,  the  red¬ 
shouldered  hawk,  Buteo  lineatus,  and 
the  sparrow  hawk,  Falco  sparverius, 
were  frequently  seen  soaring  near  the 
bluffs  visited,  particularly  those  in  Mon¬ 
roe  County.  An  immature  bald  eagle, 
Haliaeetus  leucocephalus,  was  observed 
soaring  above  the  Pine  Hills  bluff  on  one 
occasion  during  March  of  1963;  probably 
this  bird  rarely  strays  inland  in  south¬ 
ern  Illinois  and  so  is  most  likely  to  be 
seen  near  the  bluffs  along  the  Mississip¬ 
pi  and  over  the  adjacent  bottomland.  It 
has  been  reported  as  having  nested  in 
the  Pine  Hills  area  in  the  past.  The 
only  bird  which  is  probably  largely  re¬ 
stricted  to  limestone  bluffs  for  nesting- 
sites  here  is  the  peregrine  falcon,  Falco 
peregrinus.  A  lone  individual  was  seen 
flying  near  the  face  of  the  high  bluff 
at  Valmeyer  on  a  single  occasion  during 
September  of  1962.  This  rather  inacces¬ 
sible  bluff  would  seem  to  provide  an 
ideal  nesting  site.  Birds  of  other  groups, 
including  barn  swallows  and  chimney 
swifts,  often  favor  the  updrafts  near 
the  bluffs.  Flocks  of  domestic  pigeons 
also  may  be  seen  frequently  flying  in  the 
vicinity  of  the  rock  faces;  many  prob¬ 
ably  nest  on  the  exposed  ledges. 

5.  Mammals .  Apparently  no  mammals 
in  southern  Illinois  are  restricted  to 
limestone  outcroppings,  although  several 
are  abundant  there.  The  Illinois  wood 
rat,  Neotoma  floridana  illinoensis .  is 
confined  almost  to  limestone,  being- 
found  only  along  the  bluffs  of  the  Pine 
Hills  area  and  at  the  sandstone  Fountain 
Bluff  in  Jackson  County.  Whether  or 
not  some  bats  of  the  genus  Myotis  are 
restricted  to  limestone  caves  and  mines 


here  is  uncertain.  Otherwise  the  mam¬ 
mal  fauna  appears  to  be  similar  to  that 
of  the  sandstone  areas.  Conspicuous 
mammals  such  as  white-tailed  deer, 
gray  and  fox  squirrels,  chipmunks,  and 
groundhogs  are  found  wherever  suitable 
cover  occurs.  The  groundhog,  Marmota 
monax,  is  easily  the  most  often  observed 
of  these.  The  loose  soil  of  the  limestone 
areas  apparently  is  especially  suited  to 
its  burrowing  activities. 

Y. 

Analysis  of  tiie  Flora 

Five  hundred  fifty -two  species  of 
vascular  plants  were  collected  or 
recorded  growing  in  association  with 
limestone  outcrops  in  the  study  areas. 
These  represent  104  families  and  300 
genera.  The  three  largest  families 
were  the  Compositae,  Gramineae, 
and  Leguminosae,  with  78,  66,  and 
39  species,  respectively.  The  largest 
genera  were  Panicum,  Carex,  and 
Aster,  each  with  15  species. 

The  number  of  species  found  in 
each  of  the  major  groups  of  outcrop¬ 
pings  varies  in  a  manner  reflecting 
the  size  and  number  of  stations  in 
each  group.  Three  hundred  sixteen 
species  are  listed  from  Group  I;  73 
of  these  were  found  only  at  the 
bluffs  in  that  group.  In  Group  II, 
which  encompasses  a  much  smaller 
area,  183  species  were  recorded,  27 
from  that  area  only.  For  the  bluffs 
in  Group  III,  314  species  are  listed; 
64  were  restricted  to  that  group. 
Only  163  species  were  found  at  the 
areas  included  in  Group  IV,  which 
are  relatively  small  and  isolated;  22 
of  these  were  restricted  to  the  sta¬ 
tions  in  this  group.  Two  hundred 
twenty-one  species  were  found  at  the 
stations  in  Group  Y  during  the 
course  of  the  study;  of  these,  47  were 
found  only  at  the  Group  Y  areas. 

Only  53  species  were  found  to  oc¬ 
cur  on  at  least  one  outcropping  in 
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each  of  the  groupings.  As  will  be 
seen  from  the  following  list,  the  ma¬ 
jority  are  common  and  wide-ranging 
species.  A  few,  such  as  Pellaea  atro- 
purpurea ,  are  generally  thought  of 
as  typical  plants  of  limestone  areas. 
Others,  such  as  Agave  virginica,  Cel- 
tis  Pumila ,  and  Vlmus  alata,  seem 
to  be  more  characteristically  re¬ 
garded  as  typical  of  dry  sandstone 
ridges. 

Species  occurring  in  all  five  area 
groupings  (I-Y)  are: 

Pellaea  atro purpurea 
Poa  compressa 
Triodia  flava 
Eragrostis  capillaris 
Uniola  latifolia 
Setaria  viridis 
Panicum  capillare 
Mulilenbergia  sobolifera 
Agave  virginica 
Ostrya  virginiana 
Quercus  stellata 
Quercus  muhlenbergii 
Quercus  alba 
Quercus  rubra 
Celtis  pumila 
Celtis  occidentalis 
Ulmus  alata 
Ulmus  americana 
Aquilegia  canadensis 
Anemone  virginiana 
Cocculus  carolinus 
Sassafras  albidum 
Arabis  laevigata 
Heuchera  americana 
( var.  hirsuticaulis ) 

Cassia  fasciculata 
Gleditsia  triacanthos 
Galactea  volubilis 
Lespedeza  violacea 
Oxalis  violacea 
Oxalis  europaea 
Euphorbia  supina 
Euphorbia  corollata 
Euphorbia  maculata 
Acalypha  gracilens 
Acalypha  virginiana 
Celastrus  scandens 
Rhus  radicans 
Acer  saccharum 
Parthenocissus  quinquefolia 
Hyericum  punctatum 
Cornus  florida 
Sanicula  canadensis 
Fraxinus  americana 


Ruellia  humilis 
Campsis  radicans 
Galium  circaezans 
Galium  aparine 
Campanula  americana 
Eupatorium  altissimum 
Kuhnia  eupatorioides 
Ambrosia  artemisiifolia 
Solidago  ulmifolia 
Erigeron  strigosus 

Floristic  Affinities 

In  order  to  facilitate  comparison 
between  the  floras  of  the  limestone 
outcroppings  and  of  those  sandstone 
areas  studied  by  Mohlenbrock 
(1954),  Weber  (1959),  and  MacMa- 
hon  (1960),  the  plants  recorded  have 
been  classified  as  to  floristic  affinity 
on  a  basis  similar  to  that  used  by  the 
latter  authors.  They  followed  a  sys¬ 
tem  proposed  by  Cowles  (1929)  and 
modified  by  Cain  (1930).  This  sys¬ 
tem  lends  itself  well  to  such  a  com¬ 
parison,  as  well  as  to  comparisons 
between  the  separate  floras  found  in 
each  of  the  major  groupings  of 
stations  used  in  this  paper.  Its  ap¬ 
plication  in  the  table  of  compari¬ 
sons  may  be  briefly  explained  as 
follows.  Intraneous  refers  to 
plants  which  are  not  near  the 
limits  of  their  range  in  southern 
Illinois.  These  include  plants  broad¬ 
ly  ranging  over  most  of  northeastern 
North  America  (Northeastern  In¬ 
traneous),  and  some  restricted  to 
the  central  states  (Central  In¬ 
traneous).  A  few  are  Continen¬ 
tal  Intraneous,  having  transcon¬ 
tinental  ranges.  Extraneous  refers 
to  plants  nearing  or  reaching  the 
limits  of  their  range  here.  The 
subdivisions  indicate  the  direction 
to  which  the  major  portion  of 
the  range  lies  with  reference 
to  southern  Illinois.  Introduced 
species  are  those  for  which  the  lo- 
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cality  is  not  considered  to  be  a  part 
of  their  natural  range. 

Table  1  compares  sandstone-area 
and  limestone  -  area  floras  and 
floras  at  selected  localities  with¬ 
in  the  latter  category.  The  floras 
analyzed  by  Mohlenbrock  and  the 
other  workers  are  perhaps  not  strict¬ 
ly  comparable  with  the  one  compiled 
in  the  present  study,  since  in  their 
work  they  attempted  to  collect  all 
the  plants  of  a  given  locality,  with¬ 
out  restricting  themselves  to  particu¬ 
lar  substrates.  They  may,  however, 
be  considered  representative  of  the 
general  flora  of  the  sandstone  re¬ 
gions.  Slight  differences  in  categor¬ 
ies  used  appear  in  accompanying 
Table  2 ;  those  which  appear  to  be 
comparable  are  opposed. 

In  Table  2,  the  floristic  affinities 
for  each  of  the  groups  of  outcrop¬ 
pings  studied  are  presented.  In  ad¬ 
dition,  the  affinities  of  each  group 


are  compared  with  the  affinities  of 
the  plants  found  only  at  the  stations 
belonging  to  that  particular  group 
during  this  study. 

The  same  general  pattern  is  evi¬ 
dent  in  all  these  analyses  of  geo¬ 
graphic  affinities.  Intraneous  species 
are  relatively  more  abundant  than 
are  extraneous  species  and,  in  all 
cases,  by  far  the  largest  category  is 
that  of  the  Northeastern  Intraneous 
group.  A  few  points  of  dissimlarity 
may  be  cited,  however.  The  lime¬ 
stone  flora  as  a  whole  contains  rela¬ 
tively  slightly  fewer  Intraneous  and 
Introduced  species  as  compared 
with  the  sandstone  locality  floras. 
Among  the  Intraneous  species  of  the 
limestone  flora,  the  proportion  of 
Central  to  Northesatern  plants  is 
consistently  slightly  greater  than  it 
is  in  the  other  three  floras. 

Perhaps  the  most  revealing  com¬ 
parisons  may  be  made  on  the  basis 


Table  1.— Floristic  Affinities  of  Taxa  from  Four  Southern  Illinois  Stations. 


This  Study 

Mohlenbrock 

(1954) 

Weber 

(1959) 

MacMahon 

(1960) 

No. 

Taxa 

% 

No. 

Taxa 

% 

No. 

Taxa 

% 

No. 

Taxa 

% 

Intraneous 

Northeastern . 

329 

59.6 

521 

65.0 

299 

68.4 

353 

68.0 

Central . 

57 

10.3 

45 

5.5 

23 

5.3 

21 

4.0 

Transcontinental . 

3 

0.6 

3 

0.7 

Extraneous 

Transcontinental . 

6 

1.0 

Northeastern . 

12 

2.2 

22 

2.5 

6 

1.4 

13 

2.5 

Northwestern . 

16 

2.9 

9 

1.0 

141 

2.31 

4 

0.8 

Southern . 

42 

7.6 

37 

4.5 

29 

6.7 

24 

4.6 

Southeastern . 

40 

7.2 

44 

5.5 

19 

4.3 

43 

8.3 

Southwestern . 

12 

2.2 

6 

1.0 

3 

0.7 

2 

0.4 

Introduced . 

41 

7.4 

114 

14.0 

45 

10.2 

60 

11.4 

Total . 

552 

100.0 

804 

100.0 

437 

100.0 

520 

100.0 

1  Combined  figures  for  the  categories  Central  and  Northern  Extraneous. 


Table  2. — Floristic  affinities  for  each  of  the  groups  of  limestone  outcroppings  in  this  study. 
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of  the  affinities  of  the  plants  re¬ 
stricted  to  each  of  the  respective 
groups ;  individual  differences  are 
intensified  in  these  comparisons.  As 
compared  to  the  floras  of  the  individ¬ 
ual  groups  and  of  the  limestone  and 
sandstone  areas  as  a  whole,  these 
show  a  relatively  higher  percentage 
of  extraneous  to  intraneous  species, 
and  a  comparatively  low  percentage 
of  Northeastern  Intraneous  species. 
Most  show  a  relatively  high  propor¬ 
tion  of  plants  of  southern  affinity ; 
only  in  the  plants  restricted  to 
Group  I  are  western  affinities  well 
represented.  Other  points  of  note 
are  the  high  percentages  of  southern 
and  introduced  plants  in  Groups  II 
and  V. 

State  and  Countv  Records 

*/ 

Of  the  552  plants  recorded,  135 
occurred  in  counties  for  which  they 
were  not  recorded  in  Vascular  Plants 
of  Illinois,  by  Jones  and  Fuller 
(1955),  or  in  the  supplement  by 
Winterringer  and  Evers  (1960).  The 
number  of  county  records  totaled 
153.  Six  of  these  were  species  not 
previously  reported  from  Illinois. 
These  are  the  following : 

1.  Panicum  longifolium  Scrib.  A  clump 
of  this  species  was  discovered  growing- 
on  a  rocky  ledge  in  a  wooded  ravine 
on  top  of  the  bluff  at  Fults  (Monroe 
County),  October  25,  1962.  The  author 
was  accompanied  by  Dr.  R.  H.  Mohlen- 
brock  and  Mr.  Wendell  Crews  at  the 
time.  The  range  of  this  plant  is  given 
in  Gray's  Manual  as  extending  from 
Florida  to  Texas  and  north  through 
Kentucky  and  southern  Ohio  to  Nova 
Scotia. 

2.  Panicum  helleri  Nash.  A  specimen 
which  seems  to  key  best  to  this  species 
was  found  May  25,  1962,  by  the  author 
in  the  company  of  Wendell  Crews  on  an 
exposed  ledge  on  top  of  the  bluff  two 
miles  north  of  Prairie  du  Rocher 
(Randolph  County).  The  species  is  re¬ 


ported  from  western  Missouri  to 
Louisiana,  Texas,  and  New  Mexico. 

3.  Panicum  nitidum  Lam.  An  example 
of  this  species  was  found  on  the  dry 
top  of  the  Devil’s  Backbone  (Jackson 
County),  July  3,  1963.  It  appears  to  be¬ 
long  to  the  typical  variety,  which  has 
been  reported  from  southeastern  Mis¬ 
souri,  but  which  otherwise  is  not  known 
north  of  Louisana;  the  range  of  the 
species  is  from  Florida  to  Texas,  north 
to  Virginia  and  Missouri. 

4.  Panicum  malacophyllum  Nash.  A 
specimen  of  this  southern  species  was 
collected  July  21,  1963,  on  an  exposed 
ledge  on  top  of  the  Devil’s  Bake  Oven; 
it  was  in  the  autumnal  phase.  The  spe¬ 
cies  is  known  from  Tennessee  and  Mis¬ 
souri  to  eastern  Kansas  and  Texas. 

5.  Euphorbia  dictyosperma  Fisch.  & 
Mey.  A  single  specimen,  in  fruit,  was 
collected  from  a  dry  rock  ledge  on  top 
of  the  bluff  at  Fults  on  May  25,  1963, 
by  the  author,  accompanied  by  Mr.  Wen¬ 
dell  Crews.  At  that  time  no  other  speci¬ 
mens  were  seen,  nor  were  any  seen  later 
in  the  year  at  that  station.  Additional 
visits  in  June  of  1963,  however,  revealed 
the  species  to  be  rather  common  in 
company  with  Galium  virgatum  on  the 
exposed  ledges  back  from  the  edge  of  the 
bluff.  It  ranges  throughout  much  of  the 
western  United  States. 

6.  Aster  texarius  Burgess.  A  specimen 
which  may  be  referred  to  this  species 
was  found  in  the  hill  prairie  on  the 
bluff  at  Valmeyer,  September  29,  1962. 
It  is  somewhat  intermediate  in  charac¬ 
ter  between  A.  sagittifolius  and  A.  drum- 
mondii.  The  range  is  given  as  extending 
from  southwestern  Kentucky  to  Kansas, 
Louisana,  and  Texas. 

Among  the  county  records,  the 
largest  number  was  from  Monroe 
County,  with  57.  Hardin  County 
followed  with  45.  There  were  16 
Johnson  County  records,  15  from 
Union  County,  and  10  each  from 
Jackson  and  Randolph  Counties. 

VI.  Annotated  List  of 
Vascular  Plants 

Here  are  listed  all  those  species 
of  plants  found  growing  in  associ¬ 
ation  with  limestone  in  the  study 
areas  described  previously.  This  in¬ 
cludes  plants  growing  directly  on 
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the  limestone  ledges,  either  barren 
or  with  a  thin  covering*  of  soil,  and 
those  growing  in  their  immediate 
vicinity,  where  scattered  limestone 
rocks  and  additional  ledges  gave 
evidence  of  the  calcareous  nature  of 
the  soil.  The  order  of  listing  follows 
that  in  Mohlenbrock  and  Voigt 
(1959).  Nomenclature  is,  for  the 
most  part,  in  accordance  with  Glea¬ 
son  (1952).  Varieties  are  mentioned 
when  readily  recongnizable  or  other¬ 
wise  considered  significant.  Habitat, 
relative  abundance,  and  geographi¬ 
cal  affinities  are  listed  for  each  spe¬ 
cies.  The  dates  given  indicate  ap¬ 
proximately  the  months  of  flower¬ 
ing*  or,  in  the  case  of  non-flowering 
plants  or  plants  for  which  only  ster¬ 
ile  specimens  were  collected,  are  the 
months  of  collection.  Those  species 
for  which  only  sight  records  were 
made  are  indicated  by  an  asterisk 
(#)  in  place  of  a  date.  If  the  speci¬ 
mens  collected  constitute  county  rec¬ 
ords,  this  information  follows  the 
date.  All  stations  at  which  the  spec¬ 
ies  were  collected  or  recorded  are 
designated  by  the  abbreviations  giv¬ 
en  previously. 

FAMILY  OPHIOGLOSSACEAE 

Ophioglossum  engelmannii  P  r  a  n  1 1  . 
Rocky  prairie  slopes;  rare.  Southern  ex¬ 
traneous.  Oct.  Johnson  County  record. 
CC. 

Botrychium  virginianum  (L.)  Schwartz. 
Mesic  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  May,  Sept.  PH, 
Shet. 

FAMILY  POLYPODIACEAE 

Camptosorus  rhizophyllus  (L.)  Link. 
Moist,  shaded  ledges;  occasional.  North¬ 
eastern  intraneous.  July.  SVal,  PH. 

Adiantum  pedatum  L.  Mesic  slopes 
and  ledges;  occasional.  Northeastern 
intraneous.  June.  Val,  PH,  Me. 

Asplenium  resiliens  Kunze.  Exposed 
or  shaded  rock  ledges  and  cliffs;  occa¬ 


sional.  Southern  extraneous.  April,  June, 
Me. 

Asplenium  platyneuron  (L.)  Oakes. 
Exposed  or  shaded  ledges  and  cliffs;  oc¬ 
casional.  Northeastern  intraneous.  June 
—Oct.  Val,  F,  Shet. 

Polypodium  polypodioides  (L.)  Watt. 
Exposed  rocks  and  cliffs;  occasional. 
Southeastern  extraneous.  Sept.,  Nov. 
PH,  SS. 

Polystichum  acrostichoides  (Miclix.) 
Schott.  Moist,  shaded  ledges;  occasional. 
Northeastern  intraneous.  Sept.  PH,  Me, 
HC. 

Athyrium  pycnocarpon  (Spreng.) 
Tidestr.  Shaded  rock  ledges  and  cliffs; 
rare.  Northeastern  intraneous.  June.  Me. 

Gheilanthes  lanosa  (Miclix.)  D.  C. 
Eaton.  Exposed  rocks  and  cliffs;  occa¬ 
sional.  Northeastern  intraneous.  June — 
Nov.  SVal,  Me,  CC,  Shet. 

Gheilanthes  feei  Moore.  Exposed  rocks 
and  cliffs;  common.  Southwestern  ex¬ 
traneous.  April,  Nov.  Val,  SVal,  F, 
PduR,  DBO,  DBB,  PH,  Me. 

Pellaea  atropurpurea  (L.)  Link.  Ex¬ 
posed  ledges  and  cliffs;  common.  North¬ 
eastern  intraneous.  May,  Nov.  NVal,  Val, 
SVal,  F,  DBO,  DBB,  PH,  CC,  SS,  Shet. 

Gystopteris  fragilis  (L.)  Bernli.  Mesic 
slopes  and  ledges;  common.  Northeast¬ 
ern  intraneous.  July,  Nov.  SVal,  F,  PH, 
Me,  Shet,  ECiR. 

Woodsia  ohtjisa  (Spreng.)  Torrey. 
Mesic  slopes  and  ledges;  common.  North¬ 
eastern  intraneous.  May,  June,  Oct.  F, 
PH,  Me,  Shet. 


FAMILY  PINACEAE 

Pinus  echinata  Mill.  Dry  slopes  above 
limestone  ledges;  rare.  Southeastern 
extraneous.  (*).  PH. 


FAMILY  CUPRESSACEAE 

Juniperus  Virginian  a  L.  Exposed 
ledges  and  bluff  tops;  common.  North¬ 
eastern  intraneous.  (*).  NVal,  Val,  SVal, 
F,  PduR,  DBO,  DBB,  PH.  Me,  SS,  CC, 
Shet. 

FAMILY  GRAMINEAE 

Arundinaria  gigantea  (Walt.)  Cliapm. 
Mesic  slopes  and  ledges;  occasional. 
Southeastern  extraneous.  Oct.  PH,  CC, 
Shet. 

Leptochloa  filiformis  (Lam.)  Beauv. 
Low  riverside  ledges;  occasional  to  com¬ 
mon.  Southeastern  extraneous.  Aug. 
DBO. 
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Bouteloua  curtipendula  (Michx.)  Torr. 
Hill  prairies  and  exposed  ledges;  com¬ 
mon  to  abundant.  Central  intraneous. 
June,  July.  Val.  SVal,  F,  PduR,  PH,  SS, 
CC. 

Melica  nitens  Nutt.  Exposed  or 
shaded  ledges;  occasional  to  common. 
Northeastern  intraneous.  May,  June. 
Hardin  County  record.  Val,  SVal,  PH, 
Sliet. 

Poa  compressa  L.  Hill  prairies  and 
ledges;  occasional.  Introduced  from 
Europe.  May,  June.  Monroe  County  rec¬ 
ord.  F,  PduR,  DBO,  PH,  SS,  Shet. 

Poa  chapmaniana  Scribn.  Exposed 
bluff  top;  rare.  Central  intraneous.  May. 
Shet. 

Poa  pratensis  L.  Any  open  situation; 
common.  Northeastern  intraneous.  May, 
June.  Monroe  County  record.  NVal,  SVal, 
F,  PduR,  DBO. 

Bromus  tectorum  L.  Exposed  bluff 
tops  and  ledges;  common.  Introduced 
from  southern  Europe.  May,  June,  July. 
Hardin  County  record.  Val,  SVal,  PduR, 
DBO.  DBB,  Shet. 

Bromus  inermis  Leyss.  Exposed  talus 
slope;  rare.  Introduced  from  Europe. 
June.  PH. 

Bromus  purgans  L.  Mesic  slopes  and 
ledges;  occasional.  Northeastern  in¬ 
traneous.  May,  June.  Johnson  County 
record.  PH,  Me,  SS,  CC,  Shet. 

Bromus  racemosus  L.  Exposed  ledges; 
common.  Naturalized  from  Europe.  May 
— July.  First  record  from  Monroe, 
Randolph,  Jackson,  Union,  and  Hardin 
Counties.  Val,  SVal,  F,  PduR,  DBO, 
DBB,  PH,  Shet. 

Bromus  japonicus  Thunb.  Exposed 
ledges;  common.  Introduced  from  Old 
World.  June.  Union  and  Hardin  County 
records.  PH,  Shet. 

Triodia  flava  L.  Any  open  situation; 
occasional.  Northeastern  intraneous. 
Aug.— Oct.  NVal,  Val,  DBO,  DBB,  PH, 
SS,  Shet. 

Diarrhena  americana  Beauv.  Mesic 
slopes  and  ledges;  a  single  large  stand 
at  Pine  Hills.  Central  intraneous.  PH. 

Eragrostis  hypnoides  (Lam.)  BSP. Low 
sandy  ledges  at  the  Devil’s  Bake  Oven; 
common  there.  Northeastern  intraneous. 
Aug.  DBO. 

Eragrostis  capillaris  (L).  Nees.  Ex¬ 
posed  ledges;  common.  Northeastern 
intraneous.  July — Oct.  Hardin  County 
record.  Val,  F,  DBO,  DBB,  PH,  Me,  CC, 
Shet. 

Eragrostis  spectabilis  (Pursh)  Steud. 
Exposed  ledges  on  bluff  top;  rare.  North¬ 
eastern  intraneous.  Aug.,  Oct.  F,  PduR. 

TJniola  latifolia  Michx.  Mesic  slopes 


and  ledges;  occasional  to  common. 
Northeastern  intraneous.  July,  Aug. 
SVal,  F,  DBO,  DBB,  PH,  Me,  CC,  Shet. 

Festuca  obtusa  Spreng.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  May,  June.  SVal,  PH,  Me,  CC. 

Festuca  octoflora  Walt.  Exposed  ledge; 
rare.  Northeastern  intraneous.  May. 
NVal. 

Danthonia  spicata  (Lam.)  Beauv.  Ex¬ 
posed  ledges;  occasional.  Northeastern 
intraneous.  May,  June.  PH,  Me,  SS. 

Koeleria  cristata  (L.)  Pers.  Hill 
prairies  and  ledges;  occasional.  North¬ 
eastern  extraneous.  May,  June.  Val,  SVal, 
F. 

Sphenopholis  nitida  (Spreng.)  Scribn. 
Rocky  prairie  slope;  rare.  Northeastern 
intraneous.  May.  Johnson  County  record. 
SS. 

Sphenopholis  obtusata  (Michx.)  Scribn. 
Hill  prairies  and  ledges;  occasional. 
Northeastern  intraneous.  The  specimens 
collected  are  var.  lobata  (Trin.)  Scribn. 
May,  June.  Monroe  County  record.  F. 

Hyatrix  patula  Moench.  Shaded  ledges 
and  slopes;  occasional.  Northeastern  in¬ 
traneous.  All  specimens  belong  to  the 
typical  variety  except  that  from  Shetler- 
ville,  which  is  var.  bigeloviana  (Fern.) 
Deam.  May,  June.  PH,  Me,  CC,  Shet. 

Hordeum  pusillum  Nutt.  Dry,  exposed 
ledges;  rare.  Northeastern  intraneous. 

May.  Hardin  County  record.  PH,  Shet. 

Elymus  villosus  Mulil.  Mesic  slopes 

and  ledges;  rare.  Northeastern  intrane¬ 
ous.  June.  PH. 

Elymus  virginicus  L.  Exposed  or 
shaded  slopes  and  ledges;  occasional. 

Northeastern  intraneous.  June,  July. 
DBB,  Me,  CC,  Shet. 

Elymus  canadensis  L.  Exposed  or 
shaded  slopes  and  ledges;  occasional. 

Northeastern  intraneous.  June,  July, 
Aug.  Val,  SVal,  F,  DBO,  DBB,  PH. 

Setaria  glauca  (L.)  Beauv.  Exposed 
slopes  and  ledges;  occasional.  Naturali¬ 
zed  from  Europe.  July,  Aug.  Val,  DBB. 

Setaria  viridis  Beauv.  Exposed  slopes 
and  ledges;  common  to  abundant.  Nat¬ 
uralized  from  Eurasia.  June — Sept.  Val, 
PduR,  DBO,  DBB,  PH,  Me,  CC,  Shet. 

Paspalum  laeve  Michx.  Sandy  base  of 
Devil’s  Bake  Oven;  rare.  Southeastern 
extraneous.  Oct.  DBO. 

Paspalum  ciliatifolium  Michx.  Dry 
ridge  top;  rare.  Southwestern  extrane¬ 
ous.  The  specimen  appears  to  be  var. 
stramineum  (Nash)  Fern.  Oct.  Jackson 
County  record.  DBB. 

Panicum  flexile  Gatt.  Shaded  ledge; 
rare.  Northeastern  intraneous.  July. 
Hardin  County  record.  Shet. 
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Panicum  capillare  L.  Exposed  bluffs 
and  ledges;  common.  Northeastern  in- 
traneous.  Sept.,  Oct.  Monroe  and  Johnson 
County  record.  Val,  F,  DBO,  PH,  SS, 
Shet. 

Panicum  anceps  Michx.  Exposed  ledge; 
rare.  Southeastern  extraneous.  Aug. 
DBO. 

Panicum  longifolium  Scribn.  Dry, 
shaded  ledge  on  bluff  top;  rare.  South¬ 
eastern  extraneous.  Oct.  State  record.  F. 

Panicum  perlongum  Nash.  Shaded 
ledge;  rare.  Northwestern  extraneous. 
June.  Union  County  record.  Me. 

Panicum  linearifolium  Scrihn.  Moist 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  May.  PH,  SS. 

Panicum  cLichotomum  L.  Mesic  slopes 
and  ledges;  rare.  Northeastern  intrane¬ 
ous.  July.  PH,  ECiR. 

Panicum  huachucae  Ashe.  Moist  and 
dry  slopes  and  ledges;  occasional  to 
common.  Northeastern  intraneous.  May 
— Oct.  F,  PduR,  DBB,  Me,  Shet. 

Panicum  helleri  Nash.  Dry  bluff  top; 
rare.  Southwestern  extraneous.  May. 
State  record.  PduR. 

Panicum  clanclestinum  L.  Exposed 
ledge;  rare.  Northeastern  intraneous. 
July.  DBO. 

Panicum  boscii  Poir.  Dry  or  moist 
slopes  and  ledges;  occasional  to  com¬ 
mon.  Southeastern  extraneous.  May — 
Sept.  DBB,  PH,  Me,  SS,  CC,  Shet. 

Panicum  nitidum  Lam.  Dry  exposed 
ridge  top;  rare.  Southeastern  extrane¬ 
ous.  The  specimen  collected  is  referable 
to  the  typical  variety.  July.  State  record. 
DBB. 

Panicum  oligosanthes  Schult.  Dry 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intranous.  May — Aug.  Monroe  and 
Hardin  County  records.  F,  PduR,  Shet. 

Panicum  malacophyllum  Nash.  Ex¬ 
posed  ledge;  rare.  Southern  extraneous. 
July.  State  record.  DBO. 

Panicum  scribnerianum  Nash.  Dry, 
rocky  slope;  rare.  Northeastern  intrane¬ 
ous.  July.  SS. 

Digitaria  sanguinalis  (L.)  Scop.  Any 
exposed,  weedy  area;  occasional.  Nat¬ 
uralized  from  Europe.  July.  Shet. 

Digitaria  ischaemum  (Schreb.)  Muhl. 
Exposed  ledge;  rare.  Northeastern  in¬ 
traneous.  Aug.  DBO. 

Muhlenbergia  capillaris  (Lam.)  Trin. 
Exposed  ledge  on  bluff  top;  rare.  South¬ 
eastern  extraneous.  Oct.  Monroe  County 
record.  F. 

Muhlenbergia  asperifolia  (Nees  & 
Meyen)  Parodi.  Exposed  ledge  at  edge 
of  bluff;  rare.  Northwestern  extraneous. 
July,  Aug.  Monroe  County  record.  SVal. 


Muhlenbergia  cuspidata  (Torr.)  Rydb. 
Exposed  ledges  at  edges  of  bluffs;  oc¬ 
casional.  Northwestern  extraneous.  Aug. 
— Oct.  Monroe,  Randolph,  and  Union 
County  records.  Val,  SVal,  F,  PduR,  PH. 

Muhlenbergia  schreberi  J.  F.  Gmel. 
Dry  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  Sept.,  Oct.  Shet. 

Muhlenbergia  sobolifera  (Muhl.)  Trin. 
Shaded  slopes  and  ledges;  occasional  to 
common.  Northeastern  intraneous.  July 
— Oct.  Johnson  County  record.  Val,  F, 
DBB,  PH,  Me,  SS,  Shet. 

Muhlenbergia  racemosa  (Michx.)  BSP. 
Shaded  slopes  and  ledges;  occasional. 
Northwestern  extraneous.  Sept.,  Oct. 
Monroe  and  Union  County  records.  Val, 
F,  DBO,  DBB,  Me. 

Sporobolus  asper  (Michx.)  Kuntli.  Ex¬ 
posed  ledges;  rare  to  occasional.  North¬ 
eastern  intraneous.  Oct.  Johnson  County 
record.  Val,  CC. 

Sporobolus  cryptandrus  (Torr.)  Gray. 
Exposed  ledges;  occasional.  Central  in¬ 
traneous.  July,  Oct.  DBO,  DBB. 

Sporobolus  vaginiflorus  (Torr.)  Wood. 
Exposed  ledges;  occasional.  Northeast¬ 
ern  intraneous.  Sept.,  Oct.  Monroe  and 
Hardin  County  records.  NVal,  Val,  F, 
Shet. 

Brachyelytrum  erectum  (Schreb.  ) 
Beauv.  Mesic  slopes  and  ledges;  occa¬ 
sional.  Northeastern  intraneous.  July, 
Sept.  Me. 

Stipa  spartea  Trin.  Exposed  ledge  on 
bluff  top;  rare.  Northwestern  extraneous. 
June.  Monroe  County  record.  Val. 

Leersia  virginica  Willd.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  Sept.  Me. 

Andropogon  scoparius  Michx.  Hill 
prairies  and  dry  ledges;  common  to 
abundant.  Northeastern  intraneous.  Aug. 
—Oct.  NVal,  Val,  SVal,  F,  PduR,  PH, 
SS,  CC. 

Andropogon  gerardii  Vitman.  Hill 
prairies  and  dry  ledges;  common  to 
abundant.  Northeastern  intraneous.  Aug. 
—Oct.  NVal,  Val,  SVal,  F,  PduR,  PH, 
SS,  CC. 

Andropogon  virginicus  L.  Dry  ridge 
tops  and  ledges;  occasional.  Southeast¬ 
ern  extraneous.  Oct.  DBO,  DBB,  Shet. 

Sorghastrum  nutans  (L.)  Nash.  Hill 
prairies  and  ledges;  common  to  abun¬ 
dant.  Northeastern  intraneous.  Sept. 
Oct.  NVal,  Val,  SVal,  F,  PduR,  PH,  SS, 
CC. 

FAMILY  CYPERACEAE 

Carex  cephalophora  Muhl.  Dry  slopes 
and  ledges;  occasional.  Northeastern  in- 
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traneous.  June,  Sept.  DBO,  PH,  Sliet. 

Carex  leavenworthii  Dewey.  Shaded 
rocky  slope;  rare.  Northeastern  intrane- 
ous.  May.  Shet. 

Carex  texensis  (Torr.)  Bailey.  Mesic 
ledge;  rare.  Southeastern  extraneous. 
May.  Hardin  County  record.  HC. 

Carex  retro flexa  Muhl.  Rocky  prairie 
slope;  rare.  Northeastern  intraneous. 
May.  SS. 

Carex  rosea  Schk.  Shaded  ledges;  rare. 
Northeastern  intraneous.  June,  July. 
DBB.  Me. 

Carex  muhlenbergii  Schk.  Exposed  or 
shaded  slopes  and  ledges;  occasional  to 
common.  Northeastern  intraneous.  Speci¬ 
mens  of  the  typical  variety  were  col¬ 
lected  at  Fults  and  Cave  Creek;  one  ex¬ 
ample  of  var.  australis  Olney  was  col¬ 
lected  at  Valmeyer;  var.  enervis  Boott 
was  collected  at  these  and  the  other 
stations  listed.  May — July.  Monroe  Coun¬ 
ty  record.  Val,  SVal,  F,  DBB.  PH,  Me, 
CC. 

Carex  festucacea  Schk.  Dry,  shaded 
ledge  on  bluff  top;  rare.  Central  intrane¬ 
ous.  June.  Monroe  County  record.  Val. 

Carex  jamesii  Schw.  Moist  ledge;  rare. 
Central  intraneous.  May.  PH. 

Carex  artitecta  Mack.  Exposed  or 
shaded  ledges;  occasional.  Northeastern 
intraneous.  April,  May.  NVal,  PH. 

Carex  elmrnea  Boott.  Exposed  ledges 
on  bluff  top;  rare.  North  transcontinen¬ 
tal  intraneous.  May.  Monroe  County  rec¬ 
ord.  Val. 

Carex  meadii  Dewey.  Dry  prairie 
slope;  rare.  Central  intraneous.  May.  SS. 

Carex  blanda  Dewey.  Moist  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  May,  June.  PduR,  PH,  Me,  Shet. 

Carex  oligocarpa  Schk.  Shaded  ledges; 
occasional.  Northeastern  intraneous. 
May.  PH. 

Carex  hirsutella  Mack.  Moist  slopes 
and  shaded  ledges;  occasional.  North¬ 
eastern  intraneous.  May.  SS,  Shet, 

Carex  umbellata  Schk.  Moist  rocky 
slope;  occasional.  Northeastern  extra¬ 
neous.  April.  Shet. 

Carex  J)ushii  Mack.  Dry  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  June,  July.  DBB,  Shet. 

Cyperus  filiculmis  Vahl.  Hill  prairies 
and  exposed  ledges;  occasional.  South¬ 
eastern  extraneous.  July — Sept.  Val, 
SVal,  F. 

Cyperus  ovularis  (Miclix.)  Torr.  Hill 
prairies  and  exposed  ledges;  occasional. 
Northeastern  intraneous.  July.  SVal, 
DBO. 


FAMILY  ARACEAE 

Arisaema  dracontium  (L.)  Schott. 
Mesic  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  April,  May.  F, 
PH,  Me,  Shet. 

Arisaema  triphyllum  (L.)  Schott. 
Mesic  slopes  and  ledges;  occasional  to 
abundant.  Northeastern  intraneous. 
April,  May.  Val,  PH,  Me,  Shet,  ECiR, 
HC. 

FAMILY  COMMELINACEAE 

Tradescantia  su~baspera  Ker.  Mesic 
slopes  and  ledges;  occasional.  Central 
intraneous.  June,  July.  Me,  Shet,  ECiR. 

Tradescantia  virginiana  L.  Dry  prairie 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  May.  CC. 

Tradescantia  ohiensis  Raf.  Hill  prai¬ 
ries;  occasional.  Northeastern  intrane¬ 
ous.  May,  June.  Val,  SVal,  F,  PduR. 

FAMILY  JUNCAEAE 

Juncus  bufonius  L.  Dry  ledge  in 
weedy  situation;  occasional.  Northeast¬ 
ern  intraneous.  July.  Hardin  County 
record.  Shet. 

Juncus  interior  Wieg.  Dry  ledges;  oc¬ 
casional.  Northwestern  extraneous.  July, 
Aug.  F,  DBO,  Shet. 

Juncus  tenuis  Willd.  Shaded  dry 
ledge;  rare.  Northeastern  intraneous. 
June.  Hardin  County  record.  Shet. 

FAMILY  LILIACEAE 

XJvularia  grandiflora  Sm.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  April,  May.  PH,  Me. 

Trillium  gleasonii  Fern.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  ex¬ 
traneous.  April,  May.  PH,  Me. 

Trillium  recurvatum  Beck.  Mesic 
slopes  and  ledges;  occasional  to  common. 
Central  intraneous.  April,  May.  NVal, 
PH,  Me. 

Allium  vineale  L.  Exposed  ledge  on 
bluff  top;  occasional.  Northeastern  in¬ 
traneous.  June.  Val. 

Allium  canadense  L.  Dry  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  June,  July.  Hardin  County  rec¬ 
ord.  Val,  Shet. 

Allium  stellatum  Fraser.  Exposed 
ledges;  occasional.  Northwestern  extra¬ 
neous.  Aug.  Monroe  and  Randolph 
County  records.  Val,  SVal,  F,  PduR,  PH. 

Nothoscordum  bivalve  (L.)  Britt.  Dry 
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or  moist  ledges;  common.  Southern  ex¬ 
traneous.  May,  Sept.  PH,  SS,  CC,  Shet. 

Camassia  scilloides  (Raf.)  Cory.  Dry 
or  moist  exposed  ledges;  rare.  Central 
intraneous.  May.  Monroe  County  record. 
F,  PH,  CC. 

Asparagus  officinalis  L.  Exposed  slopes 
and  ledges;  occasional.  Introduced  from 
Europe.  July,  Aug.  Hardin  County  rec¬ 
ord.  DBO,  DBB,  Shet. 

Smilacina  racemosa  (L.)  Desf.  Mesic 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  May.  Me,  CC. 

Polygonatum  hiflorum  (Walt.)  Ell. 
Mesic  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  May.  ECiR. 

Polygonatum  canaliculatum  (Muhl.) 
Pursh.  Mesic  slopes  and  ledges;  occa¬ 
sional.  Northeastern  intraneous.  May. 
Val,  F,  PH,  Me,  Shet,  HC. 

Smilax  J)ona-nox  L.  Dry  ledges  and 
ridge  tops;  occasional  to  abundant. 
Southern  extraneous.  May.  DBO,  DBB, 
PH,  Me,  SS,  CC,  Shet. 

Smilax  rotundifolia  L.  Dry  or  moist 
slopes  and  ridge  tops;  occasional.  North- 
eastern  intraneous.  May.  Johnson  Coun¬ 
ty  record.  SS,  Shet. 

Smilax  lasioneura  Hook.  Dry  wooded 
slope;  rare.  Central  intraneous.  July 
(sterile).  DBB. 

Smilax  pulverulenta  Michx.  Dry,  rocky 
wooded  slope  on  bluff  top;  rare.  North¬ 
eastern  intraneous.  Sept.  Val. 


FAMILY  DIOSCOREACEAE 

Dioscorea  quaternata  (Walt.)  Gmel. 
Moist  exposed  or  shaded  slopes;  occa¬ 
sional.  Southeastern  extraneous.  May, 
June.  Monroe,  Johnson,  and  Hardin 
County  records.  Val,  PH,  Me,  SS,  CC, 
Shet. 


FAMILY  AMARYLLIDACEAE 

Agave  virginica  L.  Dry,  exposed  bluff 
tops  and  ledges;  occasional  to  common. 
Southeastern  extraneous.  June,  July. 
NVal,  Val,  SVal,  F,  PduR,  DBB,  PH,  SS, 
CC,  Shet. 


FAMILY  IRIDACEAE 

Sisyrinchium  alhidum  Raf.  Hill  prai¬ 
ries  and  exposed  ledges;  occasional. 
Northeastern  intraneous.  April,  May. 
Union  County  record.  NVal,  Val,  F, 
PduR,  PH,  SS,  CC. 


FAMILY  SALICACEAE 

Populus  detoides  Marsh.  Dry  ridge 
top;  rare.  Northeastern  intraneous.  (*). 
DBB. 

Salix  humilis  Marsh.  Hill  prairie;  rare. 
Southeastern  extraneous.  July  (sterile). 
Val. 

FAMILY  JUGLANDACEAE 

Cary  a  ovata  (Mill.)  K.  Koch.  Dry 
ridge  tops;  occasional.  Northeastern  in¬ 
traneous.  (*).  PduR,  PH. 

Carya  glahra  (Mill.)  Sweet.  Dry  ridge 
tops;  occasional.  Northeastern  intrane¬ 
ous.  (*).  F,  PH. 

Carya  tomentosa  Nutt.  Dry  ridge  tops; 
occasional.  Northeastern  intraneous. 
June  (sterile).  F,  PH. 

Carya  ovalis  (Wang.)  K.  Koch.  Dry 
ridge  tops  and  slopes;  occasional.  North¬ 
eastern  intraneous.  Oct.  (sterile).  F, 
PH,  SS. 

Carya  texana  Buckl.  Dry  ridge  tops, 
ledges,  and  slopes;  occasional  to  com¬ 
mon.  Southern  extraneous.  May.  Val, 
SVal,  F,  PduR,  DBO,  PH,  SS,  CC. 

Juglans  nigra  L.  Dry  or  moist  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  May  (sterile).  Val,  F,  PduR, 
DBO,  PH,  Shet. 

FAMILY  BETULACEAE 

Corylus  americana  Walt.  Dry  and 
moist  ledges;  occasional.  Northeastern 
intraneous.  May  (sterile).  PH. 

Betula  nigra  L.  Moist  ledge  at  Hog- 
thief  Creek;  occasional.  Northeastern 
intraneous.  July  (sterile).  Hardin  Coun¬ 
ty  record.  HC. 

Carpinus  caroliniana  Walt.  Shaded 
ledges;  rare.  Northeastern  intraneous. 
June.  Val,  HC. 

Ostrya  virginia?ia  (Mill.)  K.  Koch. 
Dry  and  moist  ledges  and  slopes;  com¬ 
mon.  Northeastern  intraneous.  April. 
Val,  F,  DBB,  PH,  SS,  Shet. 

FAMILY  FAGACEAE 

Fagus  grandifolia  Ehrh.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  April  (sterile).  Me,  HC. 

Quercus  muhl  enh  erg  ii  Engelm.  Dry 
slopes  and  ridge  tops;  common  to  abun¬ 
dant.  Northeastern  intraneous.  Oct. 
(sterile).  NVal,  Val,  F,  PduR,  DBO, 
DBB,  PH,  Me,  SS,  CC,  Shet,  ECiR,  HC. 

Quercus  shumardii  Buckl.  Dry,  rocky 
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prairie  slope;  rare.  Southeastern  extra¬ 
neous.  July  (sterile).  SS. 

Quercus  stellata  (Wang.)  Dry  wooded 
slopes  and  ridge  tops;  occasional.  North¬ 
eastern  intraneous.  Oct.  (sterile).  Val, 
SVal,  F,  PduR,  DBO,  PH,  SS,  CC,  Shet. 

Quercus  velutina  Lam.  Dry  wooded 
slopes  and  ridge  tops;  occasional.  North¬ 
eastern  intraneous.  Sept,  (in  fruit). 
SVal,  F,  DBO,  CC. 

Quercus  marilandica  Muench.  Dry 
ledges  and  ridge  tops;  occasional.  North¬ 
eastern  intraneous.  (*).  DBO,  CC. 

Quercus  imbricaria  Miclix.  Dry  ledges 
and  ridge  tops;  rare.  Northeastern  in¬ 
traneous.  June  (sterile).  F,  DBO. 

Quercus  alba  L.  Dry  slopes  and  ridge 
tops;  occasional  to  common.  Northeast¬ 
ern  intraneous.  Oct.  (sterile).  Val,  F, 
PduR,  DBB,  PH,  Me,  SS,  Shet,  ECiR, 
HC. 

Quercus  rubra  L.  Dry  slopes  and  ridge 
tops;  occasional.  Northeastern  intrane¬ 
ous.  Oct.  (sterile).  Val,  SVal,  F,  PduR, 
DBO,  PH,  Me,  SS,  CC,  Shet,  HC. 

FAMILY  ULMACEAE 

Celtis  occidentalis  L.  Dry  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  July  (sterile).  Val,  F,  DBO,  PH, 
Me,  SS,  CC,  Shet. 

Celtis  pumila  Pursh.  Dry  ledges  and 
rocky  ridge  tops;  ocassional.  Southeast¬ 
ern  extraneous.  Oct.  (in  fruit).  Jackson 
County  record.  Val,  SVal,  F,  PduR,  DBO, 
PH,  SS,  CC,  Shet. 

Celtis  laevigata  Willd.  Moist  ledges 
and  slopes;  occasional  to  rare.  Southern 
extraneous.  May  (in  fruit).  SVal,  Me, 
SS. 

TJlmus  alata  Michx.  Dry  ledges  and 
ridge  tops;  occasional  to  common.  South¬ 
eastern  extraneous.  Oct.  (sterile).  Mon¬ 
roe  County  record.  F,  DBO,  DBB,  PH, 
SS,  CC,  Shet,  HC. 

TJlmus  americana  L.  Slopes,  ledges, 
and  ridge  tops;  occasional  to  common. 
Northeastern  intraneous.  April.  SVal,  F, 
PduR,  DBB,  PH,  Me,  SS,  Shet,  HC. 

TJlmus  rubra  Mulil.  Slopes,  ledges,  and 
ridge  tops;  occasional.  Northeastern  in¬ 
traneous.  April.  SVal,  DBO,  Me,  SS. 

FAMILY  MORACEAE 

Maclura  pomifera  (Raf.)  Schneid. 
Dry,  rocky  bluff  top  woods;  rare.  South¬ 
western  extraneous.  July  (sterile).  DBB, 
CiR. 

Moms  alba  L.  Shaded  ledge;  rare.  In¬ 
troduced  from  eastern  Asia.  May.  CiR. 

Morus  rubra.  L.  Mesic  slopes  and 


ledges;  occasional.  Northeastern  intra¬ 
neous.  May.  DBO,  Me. 

FAMILY  URTICACEAE 

Pilea  pumila  (L.)  Gray.  Low,  moist, 
shaded  ledges  and  slopes;  common  to 
abundant.  Northeastern  intraneous. 
Aug.,  Sept.  PH,  Me,  Shet. 

Parietaria  pennsylvanica  Muhl.  Moist, 
shaded  ledges;  common  to  abundant. 
Northeastern  intraneous.  June,  July. 
Monroe  County  record.  SVal,  DBB,  PH, 
Me,  Shet. 

Boehmeria  cylindrica  (L.)  Sw.  Low, 
moist,  shaded  ledges;  common.  North¬ 
eastern  intraneous.  July,  Aug.  Me. 

Laportea  canadensis  (L. )  Gaudich. 
Low,  moist,  shaded  ledges;  occasional. 
Northeastern  intraneous.  July,  Aug.  Me. 

FAMILY  SANTALACEAE 

Comandra  umbellcita  (L.)  Nutt.  Hill 
prairie;  rare.  Northeastern  intraneous. 
May.  NVal. 

FAMILY  ARISTOLOCHIACEAE 

Aristolochia  serpentaria  L.  Mesic 
rocky  slopes;  rare.  Southern  extraneous. 
Ju’y-  (sterile).  Shet,  ECiR. 

Aristolochia  tomentosa  Sims.  Rocky 
slopes  and  ledges;  rare,  except  at  Shet- 
lerville,  where  it  is  common.  Southeast¬ 
ern  extraneous.  May.  Hardin  County 
record.  F,  DBO,  Shet. 

Asarum  reflexum  Bickn.  Mesic  slopes 
and  ledges;  occasional  to  common. 
Northeastern  intraneous.  May.  PH,  Me, 
SS. 

FAMILY  POLYGONACEAE 

Polygonum  longistylum  Small.  Talus 
slope;  rare.  Southern  extraneous.  Aug. 
Union  County  record.  PH. 

Polygonum  virginianum  L.  Mesic 
slopes  and  ledges;  rare.  Northeastern 
intraneous.  Aug.  F,  PH. 

Polygonum  tenue  Michx.  Exposed  ledg¬ 
es  on  bluff  top;  occasional.  Northeastern 
intraneous.  Sept.  Monroe  County  record. 
Val. 

Polygonum  convolvulus  L.  Talus 
slope;  rare.  Introduced  from  Europe. 
July.  PH. 

Polygonum  cristatum  Engelm.  &  Gray. 
Talus  slopes  and  exposed  ledges;  occa¬ 
sional  to  common.  Northeastern  intra¬ 
neous.  July — Sept.  F,  PH,  Shet. 

Polygonum  scandens  L.  Talus  slope; 
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rare.  Northeastern  intraneous.  Oct.  F. 

Rumex  altissimus  Wood.  Talus  slope; 
occasional.  Northeastern  intraneous. 
June.  F. 

Rumex  crispus  L.  Shaded  rock  face; 
occasional.  Introduced  from  Europe. 
May.  CiR. 

FAMILY  CHENOPODIACEAE 

Chenopodium  hybridum  L.  Talus 
slope;  occasional.  Continental  intrane¬ 
ous.  July.  Union  County  record.  PH. 

Chenopodium  standleyanum  Aellen. 
Mesic  slopes  and  ledges;  occasional  to 
common.  Northeastern  intraneous.  July 
— Oct.  Monroe  County  record.  SVal,  PH, 
Me,  Shet. 

FAMILY  AMARANTHACEAE 

Acnida  altissima  Riddell.  Talus  slopes; 
occasional.  Northeastern  intraneous. 
Aug.  PH. 

Acnida  tamariscina  (Nutt.)  Wood. 
Sandy  base  of  Devil’s  Bake  Oven;  oc¬ 
casional.  Central  intraneous.  Aug.  DBO. 

FAMILY  PHYTOLACCACEAE 

Phytolacca  americana  L.  Talus  slopes 
and  ledges;  occasional.  Northeastern 
intraneous.  June.  Me,  Shet. 

FAMILY  NYCTAGINACEAE 

Mirabilis  nyctaginea  (Michx.)  MacM. 
Exposed  ledges  on  bluff  tops;  occasional. 
Central  intraneous.  Sept.,  Oct.  Val,  F. 

FAMILY  ILLECEBRACEAE 

Paronychia  fastigiata  (Raf. )  Fern. 
Exposed,  dry  ledges;  rare.  Northeastern 
intraneous.  Sept.  PH. 

FAMILY  PORTULACACEAE 

Portulaca  oleracea  L.  Rocky  ledges  on 
bluff  top;  rare.  Naturalized  from  Europe. 
July.  Val. 

Claytonia  virginica  L.  Mesic  slopes  and 
ledges;  common  to  abundant.  Northeast¬ 
ern  intraneous.  April.  DBB,  PH,  Me, 
Shet. 

FAMILY  CARYOPHYLLACEAE 

Cerastium  nutans  Raf.  var.  brachy- 
podum  Engelm.  Exposed  ledges;  occa¬ 
sional.  Northwestern  extraneous.  May. 
Monroe  County  record.  NVal,  Val. 


Cerastium  viscosum  L.  Exposed 
ledges;  occasional.  Introduced  from  Eu¬ 
rope.  April,  May.  DBO,  Shet. 

Cerastium  vulgatum  L.  Exposed 
ledges;  occasional.  Introduced  from  Eu¬ 
rope.  May.  Monroe  County  record.  F, 
Shet. 

Stellaria  media  (L.)  Vill.  Exposed  and 
shaded  ledges;  occasional.  Northeastern 
intraneous.  July,  Oct.  PH,  Shet. 

Silene  antirrhina  L.  Exposed  ledges; 
occasional  to  common.  Northeastern  in¬ 
traneous.  April,  May.  SVal,  F,  DBO,  PH, 
Shet. 

Silene  stellata  (L.)  Ait.  Shaded  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  June,  July.  Val,  SVal,  Me. 

Sagina  decumbens  (Ell.)  Torrey  & 
Gray.  Moist  ledge;  rare.  Northeastern 
intraneous.  May.  Shet. 

FAMILY  MAGNOLIACEAE 

Liriodendron  tulipifera  L,  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  May.  DBB,  PH. 

Magnolia  acuminata  L.  Mesic  slopes 
and  ledges;  rare.  Southeastern  extrane¬ 
ous.  July  (sterile).  PH,  Me. 

FAMILY  ANNONACEAE 

Asimina  triloba  (L.)  Dunal.  Mesic 
slopes  and  ledges;  occasional  to  com¬ 
mon.  Northeastern  intraneous.  April, 
May.  Hardin  County  record.  Val,  SVal, 
F,  PH,  Me,  Shet,  HC. 

FAMILY  RANUNCULACEAE 

Myosurus  minimus  L.  Exposed  bluff 
top  ledge;  rare.  Northeastern  intrane¬ 
ous.  May.  NVal. 

Aquilegia  canadensis  L.  Rock  ledges 
and  slopes;  occasional  to  common. 
Northeastern  intraneous.  April,  May. 
Val,  SVal,  F,  DBB,  PH,  Me,  SS,  Shet, 

CiR. 

Delphinium  tricorne  Michx.  Mesic 
slopes  and  ledges;  occasional  to  com¬ 
mon.  Northeastern  intraneous.  April. 
Val,  F,  PduR,  PH,  ECiR. 

Clematis  pitcheri  Torrey  &  Gray.  Moist 
slopes  and  ledges;  occasional.  Central 
intraneous.  May — July.  F,  CC,  Shet. 

Ranunculus  micranthus  Nutt.  Mesic 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  April,  May.  PH,  CC, 
Shet,  ECiR. 

Thalictrum  dioicum  L.  Dry,  shaded 
slopes  on  bluff;  rare.  June.  Union  Coun¬ 
ty  record.  PH. 
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Anemone  virginiana  L.  Dry,  rocky 
slopes  and  ridge  top;  occasional.  July. 
SVal,  F,  DBO,  Me,  SS,  Shet. 

FAMILY  BERBERIDACEAE 

Podophyllum  peltatum  L.  Mesic  slopes 
and  ledges;  occasional  to  common. 
Northeastern  intraneous.  April,  May.  PH, 
Me. 

FAMILY  MENISPERMACEAE 

Menispermum  canadense  L.  Talus 
slopes  and  low  ledges;  occasional.  North¬ 
eastern  intraneous.  Sept,  (sterile).  F, 
PH,  Me,  Shet. 

Cocculus  carolinus  (L.)  DC.  Mesic, 
wooded  slopes,  talus,  and  lower  ledges; 
common.  Southern  extraneous.  July. 
Johnson  County  record.  Val,  SVal,  F, 
PduR,  DBB,  PH,  Me,  CC,  Shet. 

Caly  cocar  pum  lyonii  (Pursh)  Gray. 
Low,  rocky  slopes;  rare.  Southeastern 
extraneous.  June.  PH,  Me,  Shet. 

FAMILY  LAURACEAE 

Sassafras  albidum  (Nutt.)  Nees. 
Rocky  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  May.  Val,  F, 
DBB,  PH,  SS,  Shet. 

Lindera  benzoin  (L.)  Blume.  Mesic 
slopes  and  ledges;  occasional  to  com¬ 
mon.  Northeastern  intraneous.  April. 
PH,  Me,  Shet. 

FAMILY  PAPAVERACEAE 

Sanguinaria  canadensis  L.  Mesic 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  April.  Val,  PH,  Me, 
Shet,  ECiR. 

Stylophorum  diphyllum  (Michx.) 
Nutt.  Mesic  slopes  and  ledges;  occasion¬ 
al.  Central  intraneous.  April.  PH,  Me. 

FAMILY  FUMARIACEAE 

Corydalis  flavula  Raf.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  April,  Sept.  Val,  F,  PH,  Me, 
Shet. 

Dicentra  cucullaria  (L.)  Bernh.  Mesic 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  April.  PH,  Me. 

FAMILY  CRUCIFERAE 

Arabidopsis  thaliana  (L.)  Heynli. 
Exposed  ledges;  occasional  to  common. 


Introduced  from  Europe.  April,  May. 
NVal,  Val,  DBO,  PH. 

Arabis  canadensis  L.  Rocky  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  May.  Hardin  County  record. 
SS,  Shet. 

A?'abis  hirsuta  (L.)  Scop.  var.  adpres- 
sipilosa  (Hopkins)  Rollins.  Exposed 
ledges;  occasional.  Northwestern  extra¬ 
neous.  May.  Monroe  County  record. 
NVal,  Val,  F,  DBO,  DBB. 

Arabis  laevigata  (Muhl.)  Poir.  Mesic 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  April,  May.  PduR, 
DBB,  PH,  Me,  SS,  Shet. 

Arabis  virginica  (L.)  Poir.  Moist, 
shaded  ledges;  occasional.  Southern  ex¬ 
traneous.  April.  Shet. 

Brassica  nigra  (L.)  Koch.  Exposed 
ledge;  rare.  Introduced  from  Eurasia. 
May.  PH. 

Gapsella  bursa-pastor  is  (L.)  Medic. 
Exposed  ledge  in  weedy  situation;  oc¬ 
casional.  Introduced  from  Europe.  May. 
CiR. 

Dentaria  laciniata  Muhl.  Mesic  slopes 
and  ledges;  common.  Northeastern  in¬ 
traneous.  April.  DBB,  PH,  Me,  Shet. 

Descurainia  brachycarpa  (Richards) 
0.  E.  Schulz.  Exposed  ledges;  occasion¬ 
al.  Northeastern  intraneous.  April,  May. 
Val,  DBB,  PH. 

Draba  brachycarpa  Nutt.  Moist  ledges; 
occasional.  Southern  extraneous.  April, 
May.  Shet. 

Draba  reptans  (Lam.)  Fern.  Exposed 
ledges  on  bluff  tops;  common.  North¬ 
eastern  intraneous.  April,  May.  NVal, 
Val,  F,  PduR,  DBB. 

Lepidium  virginicum  L.  Exposed 
ledges;  occasional  to  common.  North¬ 
eastern  intraneous.  June — Sept.  Val,  F, 
PduR,  DBO,  PH,  Shet. 


FAMILY  CRASSULACEAE 

Sedum  ternatum  Michx.  Shaded  cliffs 
and  ledges;  rare  to  occasional.  North¬ 
eastern  intraneous.  April.  CiR,  ECiR. 

Sedum  triphyllum  (Haw.)  S.  F.  Gray. 
Exposed  ledges  on  Devil’s  Bake  Oven. 
Introduced  from  Eurasia.  July  (sterile). 
DBO. 


FAMILY  SAXIFRAGACEAE 

Heuchera  americana  L.  var.  hirsuti- 
caulis  (Wheelock)  Rosend.,  Butt.,  & 
Lak.  Exposed  or  shaded  dry  ledges; 
common.  Central  intraneous.  May.  Val, 
SVal,  F,  PduR,  DBO,  PH,  Me,  SS,  CC, 
Shet,  ECiR. 


Limestone  Ledge  Vegetation 


161 


FAMILY  HYDRANGEACEAE 

Hydrangea  arborescens  L.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in- 
traneous.  June.  Val,  PH,  Me. 

FAMILY  GROSSULAREACEAE 

Ribes  cynosbati  L.  Exposed  or  shaded 
moist  ledges;  occasional.  Northeastern 
intraneous.  Monroe  County  record.  May, 
June.  Val,  PH,  Me. 

FAMILY  HAMAMELIDACEAE 

Liquidambar  styraciflua  L.  Mesic 
slopes  and  ledges;  occasional.  South¬ 
eastern  extraneous.  (*).  Me,  Shet. 

FAMILY  PLATANACEAE 

Platanus  occidentalis  L.  Mesic  slopes 
and  ledges  or  hill  prairie;  rare.  North¬ 
eastern  intraneous.  Oct.  (sterile).  Val. 
F,  HC. 

FAMILY  ROSACEAE 

Rubus  flagellaris  Willd.  Talus  slopes, 
exposed  ledges,  and  ridge  tops;  occa¬ 
sional.  Northeastern  intraneous.  May. 
DBB,  PH. 

Rubus  occidentalis  L.  Moist,  open 
ledges;  occasional.  Northeastern  intrane¬ 
ous.  Sept,  (sterile).  Me. 

Rubus  pennsylvanicus  Poir.  Rocky 
prairie  slope;  rare.  Northeastern  intra¬ 
neous.  May.  Johnson  County  record.  CC. 

Rosa  Carolina  L.  Dry,  rocky  slopes 
and  wooded  ridge  tops;  occasional. 
Northeastern  intraneous.  May — July. 
Monroe  County  record.  Val,  F,  PH,  Me, 
SS,  CC,  ECiR. 

Amelanchier  arborea  (Miclix.f.)  Fern. 
Exposed  ledges;  occasional.  Northeast¬ 
ern  intraneous.  April.  Val,  SVal,  PH, 
SS,  CC. 

Prunus  serotina  Ehrh.  Exposed  or 
shaded  slopes  and  ledges;  occasional. 
May.  F,  PH. 

Prunus  virginiana  L.  Dry,  rocky 
woods;  rare.  Northeastern  extraneous. 
July  (sterile).  Hardin  County  record. 
ECiR. 

Prunus  angustifolia  Marsh.  Hill  prai¬ 
ries;  occasional.  Southern  extraneous. 
May  (sterile).  Monroe  County  record. 
F.  * 

Prunus  lanata  (Sudw.)  Mack.  &  Bush. 
Dry  slopes  and  ledges;  occasional.  Cen¬ 
tral  intraneous.  April.  Monroe  County 
record.  Val,  SVal,  PH,  Me,  SS,  CC,  ECiR. 


Prunus  mexicana  Wats.  Dry,  exposed 
ledge;  rare.  Southwestern  extraneous. 
May  (sterile).  PH. 

Malus  ioensis  (Wood)  Britt.  Hill  prai¬ 
ries;  occasional.  Central  intraneous. 
May  (sterile) .  PH. 

Crataegus  calpodendron  (Ehrh.)  Med¬ 
ic.  Dry,  wooded  slopes  and  ledges; 
occasional.  Northeastern  intraneous. 
May.  Union  County  record.  Me.  CC. 

Crataegus  engelmannii  Sarg.  Dry, 
rocky  ridge  tops  and  ledges;  occasional. 
Southeastern  extraneous.  May  (sterile). 
SS,  CC,  Shet. 

Crataegus  pruinosa  (Wendl.)  K.  Koch. 
Dry,  rocky  woods  on  ledge;  rare.  North¬ 
eastern  intraneous.  July  (sterile).  Har¬ 
din  County  record.  ECiR. 

Potentilla  recta  L.  Exposed  ledges  on 
bluff  top;  occasional.  Introduced  from 
Europe.  June.  Monroe  County  record. 
F. 

Fragaria  virginiana  Duch.  Rocky 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  May.  Johnson  County 
record.  CC,  HC. 

G-eum  canadense  Jacq.  Shaded  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  July.  F,  DBB,  PH. 

Agrimonia  parviflora  Ait.  Dry,  rocky 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  Aug.  DBB. 

Agrimonia  pubescens  Wallr.  Dry 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  July,  Aug.  DBO. 

Agrimonia  rostellata  Wallr.  Dry.  rocky 
wooded  slopes;  occasional.  Northeastern 
intraneous.  July.  Shet,  ECiR. 

FAMILY  LEGUMINOSAE 

Cercis  canadensis  L.  Hill  prairies, 
ledges,  exposed  or  shaded  slopes;  com¬ 
mon.  Northeastern  intraneous.  April. 
NVal,  Val,  F,  PduR,  DBO.  DBB,  PH. 
Me,  SS,  CC,  Shet,  ECiR,  HC. 

Amorpha  fruticosa  L.  Exposed  base  of 
Devil’s  Bake  Oven;  occasional.  Central 
intraneous.  June.  DBO. 

Amorpha  canescens  Pursli.  Hill  prai¬ 
ries  and  rocky  wooded  slopes;  occasion¬ 
al.  Northwestern  extraneous.  July.  SVal. 

Robinia  pseudoacacia  L.  Dry,  wooded 
bluff  top;  rare.  Southeastern  extraneous. 
May.  Shet. 

Gleditsia  triacanthos  L.  Dry  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  June  (sterile).  Val,  SVal,  F, 
DBO,  PH,  CC,  Shet. 

Gymnocladus  dioicus  (L. )  K.  Koch. 
Talus  and  mesic  wooded  slopes;  occa¬ 
sional.  Northeastern  intraneous.  May. 
Hardin  County  record.  F,  PH,  Me,  Shet. 
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Stylosanthes  diflora  (L. )  Taub.  Dry 
upland  woods;  rare.  Southern  extrane¬ 
ous.  May.  PH. 

Cassia  hebecarpa  Pern.  Mesic  slopes 
and  ledges;  rare.  Northeastern  intrane- 
ous.  July,  Aug.  Hardin  County  record. 
PH,  Shet. 

Cassia  fasciculata  Michx.  Exposed  or 
shaded  dry  slopes  and  ledges;  common. 
Northeastern  intraneous.  July — Oct.  Val, 
SVal,  F,  PduR,  DBO,  DBB,  PH,  SS,  CC, 
Shet. 

Cassia  nictitans  L.  Dry,  rocky  open 
woods  on  bluff  top;  occasional.  North¬ 
eastern  intraneous.  Aug.  PduR. 

Trifolium  procumbens  L.  Exposed 
ledges;  occasional.  Introduced  from  Eu¬ 
rope.  June.  DBO,  Shet. 

Melilotus  alba  L.  Hill  prairies  and  ex¬ 
posed  ledges;  occasional  to  common.  In¬ 
troduced  from  Europe.  July,  Aug.  NVal, 
Val,  SVal,  F,  DBO,  DBB,  PH,  Shet. 

Melilotus  officinalis  L.  Hill  prairies 
and  exposed  ledges;  occasional.  In¬ 
troduced  from  Europe.  May,  June.  Val, 
SVal,  F,  DBO,  PH. 

Petalostemum  c  andidum  (Willd.) 
Michx.  Hill  prairies;  occasional  to  com¬ 
mon.  Central  intraneous.  June,  July. 
NVal,  Val,  SVal,  F,  PduR,  PH. 

Petalostemum  pur  pur  eum  (Vent.) 
Rydb.  Hill  prairies;  occasional  to  com¬ 
mon.  Central  intraneous.  July,  Aug. 
NVal,  Val,  SVal,  F,  PduR,  PH. 

Lespedeza  stipulacea  Maxim.  Exposed 
ledges;  occasional.  Introduced  from 
eastern  Asia.  Oct.  DBO. 

Lespedeza  hirta  (L.)  Hornem.  Dry, 
rocky  slopes;  rare.  Northeastern  intra¬ 
neous.  Sept.  PH. 

Lespedeza  capitata  Michx.  Hill  prai¬ 
ries;  common.  Northeastern  intraneous. 
The  specimens  from  Scanlin  Spur  and 
Cave  Creek  belong  to  var.  vulgaris  Tor- 
rey  &  Gray,  var.  stenophylla  Bissell  & 
Fern.,  var.  stenophylla  forma  argentea 
Fern.,  or  the  typical  variety.  Those  from 
the  northern  bluffs  are  all  referable  to 
var.  stenophylla  forma  argentea.  Aug. — 
Oct.  Val,  F,  PduR,  SS,  CC. 

Lespedeza  violacea  (L.)  Pers.  Dry 
slopes  and  ledges;  common.  Northeast¬ 
ern  intraneous.  Aug.,  Sept.  Val,  F,  DBB, 
PH,  Me,  SS,  CC,  Shet. 

Lespedeza  intermedia  (Wats.)  Britt. 
Dry  wooded  slopes;  rare.  Northeastern 
intraneous.  Sept.  PH. 

Lespedeza  virginica  (L.)  Britt.  Dry 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  Aug.,  Sept.  Val,  F.  PduR, 
PH,  SS. 

Lespedeza  stuevei  Nutt.  Dry,  wooded 
slopes;  rare.  Southeastern  extraneous. 


Aug.,  Sept.  Union  County  record.  DBB, 
PH. 

Desmodium  glutinosum  (  M  u  h  1 .  ) 
Wood.  Mesic  slopes  and  ledges;  occa¬ 
sional.  Northeastern  intraneous.  June, 
July.  Val,  SVal,  F,  Me. 

Desmodium  sessilifolium  (Torr.)  Tor- 
rey  &  Gray.  Hill  prairies;  occasional  to 
common.  Northeastern  intraneous.  Aug., 
Sept.  NVal,  Val,  SVal,  PduR,  SS,  CC. 

Desmodium  cuspidatum  (Muhl.)  Loud. 
Talus  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  Aug.,  Sept. 
Randolph  County  record.  PduR,  PH. 

Desmodium  canescens  (L.)  DC.  Rocky 
slopes;  occasional.  Northeastern  intra¬ 
neous.  Sept.  Me. 

Desmodium  paniculatum  (L. )  DC. 
Dry  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  Aug.,  Sept. 
PduR,  DBO,  DBB,  Shet. 

Desmodium  ciliare  (Muhl.)  DC.  Hill 
prairies;  occasional  to  common.  South¬ 
eastern  extraneous.  Aug.,  Sept.  Val,  F, 
SS. 

Desmodium  rigidum  (Ell.)  DC.  Dry 
slipes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  Aug.,  Sept.  Jackson  and 
Union  County  records.  DBO.  PH. 

Desmodium  viridiflorum  (L.)  DC.  Dry 
slope;  rare.  Northeastern  intraneous. 
Sept.  Me. 

Desmodium  canadense  (L.)  DC.  Hill 
prairies;  occasional.  Northeastern  ex¬ 
traneous.  Sept.  Monroe  County  record. 
NVal,  SVal. 

Desmodium  dillenii  Dari.  Dry,  rocky 
slope;  rare.  Northeastern  intraneous. 
Sept.  Hardin  County  record.  Shet. 

Psoralea  tenuiflora  Pursli.  Hill  prai¬ 
ries;  occasional  to  common.  Central  in¬ 
traneous.  June.  Val,  SVal,  F. 

Phaseolus  polystachios  (L.)  BSP.  Dry 
upland  woods;  rare.  Northeastern  in¬ 
traneous.  July.  Val. 

Calactea  volubilis  (L.)  Britt,  var. 
mississippiensis  Vail.  Dry  slopes  and 
ledges  in  the  open;  occasional.  Southern 
extraneous.  Aug.  Monroe  County  record. 
Val,  F,  DBB,  PH,  SS,  CC,  Shet. 

Amphicarpa  bracteata  (L.)  Fern.  Dry, 
rocky  slope;  rare.  Northeastern  intra¬ 
neous.  Sept.  Hardin  County  record.  Shet. 

FAMILY  OXALIDACEAE 

Oxalis  violacea  L.  Exposed  ledges  and 
rocky  slopes;  common.  Northeastern  in¬ 
traneous.  April,  Sept.  NVal,  Val,  F, 
PduR,  DBO,  DBB,  PH,  Me,  SS,  CC,  Shet, 
ECiR. 

Oxalis  europaea  Jord.  Exposed  ledges; 
common.  Northeastern  intraneous.  Vari- 
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ous  forms  of  the  typical  variety  and  var. 
bushii  (Small)  Wieg.  were  collected. 
June— Oct.  SVal,  F,  DBB,  PH,  Me,  CC, 
Shet,  ECiR. 

Oxalis  stricta  L.  Exposed  ledges;  oc¬ 
casional.  Northeastern  intraneous.  May 
— Sept.  Val,  DBO,  Shet. 

FAMILY  GERANIACEAE 

Geranium  carolinianum  L.  Exposed 
ledges;  occasional.  Northeastern  intra¬ 
neous.  May,  June.  F,  DBO,  Shet. 

Geranium  maculatum  L.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  May.  PH,  SS,  CC. 

FAMILY  LINACEAE 

Linum  sulcatum  Riddell.  Exposed 
bluff  top  ledges  and  hill  prairies;  oc¬ 
casional  to  common.  Central  intraneous. 
July — Sept.  NVal,  Val,  F,  PduR. 

FAMILY  BALSAMINACEAE 

Impatiens  biflora  Walt.  Moist  slopes 
and  ledges;  occasional  to  common. 
Northeastern  intraneous.  July,  Aug.  PH, 
Me,  Shet. 

Impatiens  pallida  Nutt.  Moist  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  July,  Aug.  PH,  Me. 

FAMILY  RUTACEAE 

Ptelea  trifoliata  L.  Exposed  rocky 
slopes  and  ledges,  hill  prairie;  occasion¬ 
al.  Northeastern  intraneous.  May.  Val, 
SVal,  F,  PduR. 

Xanthoxylum  americanum  Mill.  Dry, 
rocky  wooded  slope;  occasional.  North¬ 
eastern  intraneous.  April.  Hardin  Coun¬ 
ty  record.  Shet. 

FAMILY  SIMAROUBACEAE 

Ailanthus  altissima  (Mill.)  Swingle. 
Talus  slope;  occasional.  Introduced  from 
eastern  Asia.  May.  F,  PduR. 

FAMILY  EUPHORBIACEAE 

Euphorbia  supina  Raf.  Exposed  ledges; 
common.  Northeastern  intraneous.  July 
—Oct.  Val,  SVal,  F,  DBO,  PH,  SS,  Shet. 

Euphorbia  maculata  L.  Talus  slopes 
and  exposed  ledges;  common.  North¬ 
eastern  intraneous.  July — Oct.  NVal,  Val, 
SVal,  F,  DBO,  DBB,  PH,  SS,  CC,  Shet. 

Euphorbia  corollata  L.  Hill  prairies 
and  dry  slopes;  occasional  to  common. 


Northeastern  intraneous.  June — Sept. 
Val,  SVal,  F,  PduR,  DBO,  PH,  SS,  CC, 
Shet. 

Euphorbia  dentata  Michx.  Talus  slopes 
and  exposed  ledges;  occasional.  Central 
intraneous.  July — Oct.  Val,  F,  DBO, 
DBB,  PH,  Me,  Shet. 

Euphorbia  heterophylla  L.  Talus  slope; 
rare.  Central  intraneous.  Aug.  PH. 

Euphorbia  dictyosperma  Fisch.  &  Mey. 
Exposed  ledges  on  bluff  top;  occasional. 
Southwestern  extraneous.  State  record. 
F. 

Groton  monanthogynus  Michx.  Ex¬ 
posed  ledges;  common.  Central  intrane¬ 
ous.  July- — Oct.  Val,  SVal,  F,  PduR,  DBO, 
DBB,  PH,  Me,  Shet. 

Acalypha  rhomboidea  Raf.  Shaded 
ledges;  rare.  Northeastern  intraneous. 
July.  F,  Me. 

Acalypha  gracilens  Gray.  Talus  slopes 
and  exposed  or  shaded  ledges;  occasion¬ 
al  to  common.  Northeastern  intraneous. 
July — Sept.  Monroe  County  record.  Val, 
F,  DBO,  PH,  Me,  CC,  CiR. 

Acalypha  virginica  L.  Talus  slopes  and 
exposed  or  shaded  ledges;  occasional  to 
common.  Northeastern  intraneous.  July 
—Oct.  Val,  DBO,  DBB,  PH,  Me,  SS,  Shet, 
ECiR. 

Tragia  cordata  Michx.  Rocky  slopes 
and  ledges;  occasional.  Southeastern  ex¬ 
traneous.  June — Sept.  Hardin  County 
record.  Shet. 

FAMILY  HIPPOCASTANACEAE 

Aesculus  glabra  Willd.  Mesic  slopes 
and  ledges;  occasional.  Central  intrane¬ 
ous.  May.  Val,  PH,  Me. 

FAMILY  RHAMNACEAE 

C eanothus  amerieanus  L.  Hill  prairies 
and  dry,  rocky  slopes;  occasional.  North¬ 
eastern  intraneous.  May.  Val,  SVal,  F, 
PH,  CC. 

Rhamnus  caroliniana  Walt.  Rocky 
slopes  and  ledges;  occasional.  Southeast¬ 
ern  extraneous.  May.  Val,  F,  DBO,  Shet. 

Rhamnus  lanceolata  Pursh  var.  gla- 
brata  Gl.  Dry  slopes  and  ledges;  rare. 
Central  intraneous.  May.  Monroe  Coun¬ 
ty  record.  SVal. 

FAMILY  VITACEAE 

Ampelopsis  cordata  Michx.  Talus 
slopes  and  ledges;  occasional.  Southern 
extraneous.  June  (sterile).  SVal,  PH, 
Me,  Shet. 

Parthenocissus  quinquefolia  (  L  .  ) 
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Planch.  Slopes  and  ledges;  common. 
Northeastern  intraneous.  July.  NVal, 
Val,  SVal,  F,  PduR,  DBO,  DBB.  PH,  Me, 
SS,  CC,  Shet,  HC. 

Vitis  cinerea  Engelm.  Dry  ridge  top; 
occasional.  Central  intraneous.  Sept 
(sterile).  PH. 

Vitis  aestivalis  Miclix.  Dry  slopes  and 
ledges;  occasional.  Northeastern  intra- 
neous.  May.  PH,  SS. 

Vitis  riparia  Michx.  Exposed  ledge; 
rare.  Northeastern  intraneous.  Sept, 
(sterile).  Val. 

Vitis  vulpina  L,  Exposed  ledges;  oc¬ 
casional.  Northeastern  intraneous.  May 
—June.  Val,  PduR,  PH,  Me. 

FAMILY  TILIACEAE 

Tilia  americana  L.  Dry  or  moist  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  May,  June.  Val,  SVal,  F.  DBO, 
Me. 

FAMILY  MALVACEAE 

Sida  spinosa  L.  Exposed  ledge;  rare. 
Introduced  from  tropical  America.  Sept. 
Shet. 

FAMILY  HYPERICACEAE 

Hypericum  punctatum  Lam.  Dry  slopes 
and  ledges;  occasional.  Northeastern  in 
traneous.  June,  July.  Val,  F,  DBO,  PH, 
SS,  Shet. 

Hypericum  sphaerocarpum  Michx.  Dry 
slopes  and  ledges;  occasional.  Central 
intraneous.  June — Aug.  Hardin  County 
record.  F,  SS,  CC,  ECiR. 

FAMILY  VIOLACEAE 

Hybanthus  concolor  (T.  F.  Forst) 
Spreng.  Mesic  slopes  and  ledges;  occa¬ 
sional.  Northeastern  intraneous.  May. 
PH,  Me,  SS,  Shet. 

Viola  rafinesquii  Greene.  Exposed 
ledges;  occasional.  Northeastern  intra¬ 
neous.  April.  PduR,  DBO,  DBB,  PH, 
Shet,  HC. 

Viola  papilionacea  Pursh.  Mesic  slopes 
and  ledges;  occasional.  Northeastern 
extraneous.  April.  DBB. 

Viola  j)edata  L.  Rocky  slopes;  occa¬ 
sional.  Northeastern  intraneous.  April. 
PH. 

Viola -  sagittata  Ait.  Mesic  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  April.  DBO. 

Viola  sororia  Willd.  Mesic  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  April.  CC,  ECiR. 


FAMILY  CELASTRACEAE 

Euonymus  atropurpureus  Jacq. 
Wooded  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  June.  Val,  F, 
PH,  Me,  CC. 

Celastrus  scandens  L.  Slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  May.  Val,  SVal,  F,  PduR,  DBO, 
PH,  Me,  SS,  CC,  Shet. 

FAMILY  AQUIFOLIACEAE 

Ilex  decidua  Walt.  Rocky  woods  and 
ledges;  occasional.  Southern  extraneous. 
May.  F,  DBO.  DBB,  PH,  SS. 

Ilex  verticillata  (L.)  Gray.  Dry,  rocky 
slope;  rare.  Northeastern  intraneous. 
July  (in  fruit).  Johnson  County  record. 
SS. 

FAMILY  ANACARDIACEAE 

Rhus  aromatica  Ait.  Dry  ridge  tops 
and  ledges;  occasional  to  common. 
Northeastern  intraneous.  April.  NVal, 
Val,  SVal,  F,  PduR,  DBO,  DBB,  PH,  SS, 
CC. 

Rhus  copallina  L.  Dry  ridge  tops;  oc¬ 
casional.  Northeastern  intraneous.  May. 
SVal,  F.  PduR,  DBO,  PH,  SS. 

Rhus  glabra  L.  Dry  ridge  tops;  occa¬ 
sional.  Northeastern  intraneous.  June. 
Val,  SVal,  F.  PduR,  DBO,  DBB,  PH. 

Rhus  radicans  L.  Shaded  or  exposed 
slopes  and  ledges;  common  to  abundant. 
Northeastern  intraneous.  May,  June. 
NVal,  Val,  SVal,  F,  PduR,  DBO,  DBB, 
PH,  Me,  SS,  CC,  Shet,  CiR,  ECiR,  HC. 

FAMILY  STAPHYLEACEAE 

Staphylea  trifolia  L.  Mesic  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  April.  Val,  PH,  Me,  Shet,  HC. 

FAMILY  ACERACEAE 

Acer  negundo  L.  Talus  and  rocky 
slopes;  rare  to  occasional.  Northeastern 
intraneous.  Sept,  (sterile).  PH,  CC. 

Acer  rubrum  L.  Dry  ridge  top;  rare. 
Northeastern  intraneous.  July  (sterile). 
DBB. 

Acer  saccharum  Marsh.  Dry  or  moist 
slopes  and  ledges;  common.  Northeast¬ 
ern  intraneous.  April.  NVal,  Val,  SVal. 
F,  PduR,  DBB,  PH,  Me,  SS,  CC,  Shet, 
ECiR,  HC. 

FAMILY  LYTHRACEAE 
Cuphea  petiolata  (L.)  Koehne.  Shaded. 
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rocky  slopes;  rare.  Northeastern  intra- 
nous.  Sept.  Shet. 

FAMILY  PASSIFLORACEAE 

Passiflora  lutea  L.  Dry  slopes  and 
ledges;  occasional.  Southern  extraneous. 
June,  July.  Val,  F,  DBO,  PH,  Me,  Shet. 

FAMILY  CACTACEAE 

Opuntia  raflnesquii  Engelm,  Exposed 
ledges;  occasional.  Northeastern  intra- 
neous.  June.  SVal,  F,  PduR,  DBO,  DBB, 
PH. 

FAMILY  LOASACEAE 

Mentzelia  oligosperma  Nutt.  Exposed 
ledges  on  bluff  tops;  occasional.  South¬ 
western  extraneous.  June,  July.  SVal,  F, 
PduR. 

FAMILY  CUCURBITACEAE 

Sicyos  angulatus  L.  Talus  slopes;  oc¬ 
casional.  Northeastern  intraneous.  Sept., 
Oct.  Val,  F,  PH,  Me. 

FAMILY  ONAGRACEAE 

Oenothera  biennis  L.  Exposed  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  Aug.  Val,  DBO,  DBB. 

Oenothera  laciniata  Hill.  Exposed 
ledges  on  bluff  tops;  occasional.  North¬ 
eastern  intraneous.  May,  June.  F,  PduR. 

Gaura  biennis  L.  Hill  prairies;  occa¬ 
sional.  Northeastern  intraneous.  Aug. 
SVal. 

Circaea  latifolia  Hill.  Mesic  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  June.  PH,  Me. 

FAMILY  CORNACEAE 

Cornus  florida  L.  Exposed  or  shaded 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  April,  May.  NVal,  Val, 
SVal,  F,  PduR,  DBO.  DBB,  PH,  Me,  SS, 
CC,  Shet. 

FAMILY  NYSSACEAE 

Nyssa  sylvatica  Marsh.  Slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  May.  PH,  Me. 

FAMILY  ARALIACEAE 

Aralia  spinosa  L.  Mesic  slopes  and 
ledges;  occasional.  Southeastern  extra¬ 
neous.  Sept,  (in  fruit).  PH. 


FAMILY  UMBELLIFERAE 

Sanicula  canadensis  L.  Shaded  slopes 
and  ledges;  occasional  to  common. 
Northeastern  intraneous.  May.  F,  PduR, 
DBO,  DBB,  PH,  CC,  Shet,  ECiR. 

Torilis  japonica  (Houtt.)  DC.  Exposed 
slopes  and  ledges;  rare.  Naturalized 
from  Eurasia.  June,  July.  DBO,  DBB, 
PH,  Me. 

Daucus  carota  L.  Exposed  slopes  and 
ledges;  rare.  Naturalized  from  Europe. 
July,  Aug.  DBO,  DBB. 

Zizia  aurea  (L.)  Koch.  Rocky  prairie 
slopes;  occasional.  Northeastern  intra¬ 
neous.  May.  SS,  CC. 

Taenidia  integerrima  (L.)  Drude. 
Dry,  rocky  woods;  occasional.  North¬ 
eastern  intraneous.  May.  PH,  Me,  CC. 

Polytaenia  nuttallii  DC.  Hill  prairies; 
occasional.  Central  intraneous.  May, 
June.  SVal,  F,  PH. 

FAMILY  ERICACEAE 

Vaccinium  vacillans  Torr.  Dry,  rocky 
woods  above  limestone  ledges;  occasion¬ 
al.  Northeastern  intraneous.  May.  PH. 

Vaccineum  arboreum  Marsh.  Dry 
woods  above  limestone  ledges;  occasion¬ 
al.  Southern  extraneous.  May.  PH. 

Rhododendron  roseum  (Loisel)  Relid. 
Dry  woods  and  bluff  top  ledges;  rare. 
Northeastern  extraneous.  May.  PH. 

Rhododendron  nudiflorum  (L. )  Torr. 
Dry  woods  and  bluff  top  ledges;  rare. 
Northeastern  extraneous.  May.  PH. 

FAMILY  PRIMULACEAE 

Androsace  occidentalis  Pursh.  Ex¬ 
posed  bluff  top  ledges;  occasional.  North¬ 
western  extraneous.  April.  Jackson 
County  record.  Val,  F,  DBO. 

Samolus  parvijlorus  Raf.  Low,  moist 
ledge;  rare.  Northeastern  intraneous. 
July.  Me. 

Dodecatheon  meadia  L.  Dry,  shaded 
bluff  top  ledges  and  slopes;  occasional. 
Northeastern  intraneous.  April,  May. 
DBB,  PH,  Me,  SS,  CC,  ECiR,  HC. 

Lysimachia  ciliata  L.  Talus  slope;  oc¬ 
casional.  Northeastern  intraneous.  June. 
PH. 

Lysimachia  lanceolata  Walt.  Shaded 
ledges;  occasional.  Northeastern  intra¬ 
neous.  July.  DBB. 

FAMILY  GENTIANACEAE 

Gentiana  puberula  Michx.  Dry  bluff 
top  woods;  rare.  Central  intraenous.  Oct. 
Randolph  County  record.  PduR. 
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Fraser  a.  carolinensis  Walt.  Rocky 
prairie  slope  at  Scanlin  Spur  station; 
occasional.  Northeastern  intraneous. 
May.  SS. 

FAMILY  SAPOTACEAE 

Bumelia  lanuginosa  (Michx.)  Pers. 
Dry  slopes  and  ledges;  occasional. 
Southwestern  extraneous.  July.  Val,  F. 

Bumelia  lycioides  (L.)  Gaertn.  Dry 
slopes  and  ledges;  occasional.  Southern 
extraneous.  July.  Shet. 

FAMILY  EBENACEAE 

Diospyros  virginiana  L.  Dry  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  May.  Val,  F,  DBO,  PH,  SS,  CC. 

FAMILY  OLEACEAE 

Fraxinus  americana  L.  Dry  or  moist 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  (*).  Val,  F,  PduR, 
DBO,  PH,  Me,  SS,  CC,  Shet. 

Fraxinus  quadrangulata  Michx.  Ex¬ 
posed  ledges  and  dry  slopes;  occasional. 
Central  intraneous.  April.  Monroe  Coun¬ 
ty  record.  Val,  SVal,  F,  PH. 

FAMILY  APOCYNACEAE 

Amsonia  tabernaemontana  Walt.  Moist 
or  dry  rocky  slopes;  occasional.  South¬ 
ern  extraneous.  May.  Shet,  ECiR,  HC. 

Apocynum  cannabinum  L.  Dry  slopes 
and  ridge  tops;  occasional.  Northeastern 
intraneous. 

FAMILY  ASCLEPIADACEAE 

Gonolobus  goyiocarpos  (Walt.)  Perry. 
Shaded  dry  ledge;  rare.  Southern  ex¬ 
traneous.  July.  Shet. 

Ampelamus  albidus  (Nutt.)  Britt. 
Shaded  dry  ledges;  occasional.  Southern 
extraneous.  July.  Shet. 

Asclepias  tuberosa  L.  Prairies  and 
dry  ridge  top  woods;  occasional.  North¬ 
eastern  intraneous.  June,  SVal,  DBO, 
DBB,  PH,  SS. 

Asclepias  amplexicaulis  Sm.  Hill  prai¬ 
rie;  rare.  Northeastern  intraneous.  May. 
PduR. 

Asclepias  verticillata  L.  Rocky  prairie 
slopes;  occasional.  Northeastern  intrane¬ 
ous.  June.  SS,  CC. 

Acerates  viridifiora  (Raf.)  Eaton. 
Prairie  slopes  and  ledges;  occasional. 
Southeastern  extraneous.  June — Aug. 
Val,  SVal,  F,  PH,  CC. 


FAMILY  CONVOLVULACEAE 

Ipomoea  pandurata  (L.)  Meyer.  Dry 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  June.  PH,  Shet. 

FAMILY  POLEMONIACEAE 

Phlox  bifida  Beck.  Exposed  ledges  and 
talus  slopes;  occasional  to  common.  Cen¬ 
tral  intraneous.  April — Oct.  F,  PduR, 
DBO,  DBB,  PH. 

Phlox  divaricata  L.  Mesic  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  April,  May.  Val,  F,  PH,  Me,  CC, 
ECiR. 

Phlox  pilosa  L.  Prairie  slopes;  occa¬ 
sional.  Northeastern  intraneous.  May. 
SS,  CC. 

FAMILY  HYDROPHYLLACEAE 

Hydrophyllum  appencliculatum  Michx. 
Mesic  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  May.  Me. 

Phacelia  bipinnatifida  Michx.  Mesic 
slopes  and  ledges;  occasional.  South¬ 
eastern  extraneous.  May.  NVal. 

Phacelia  purshii  Buckley.  Talus 
slopes;  occasional  to  common.  Central 
intraneous.  May,  June.  F,  PH. 

FAMILY  BORAGINACEAE 

Onosmodium  hispidissimum  Mack.  Dry 
ridge  tops;  rare.  Central  intraneous. 
June.  DBO,  Shet. 

Heliotropium  tenellum  (Nutt.)  Torr. 
Dry  bluff  top  ledges  and  prairies;  occa¬ 
sional  to  common.  Southern  extraneous. 
July,  Aug.  SVal,  F. 

Hackelia  virginiana  (L.)  I.  M.  Johns¬ 
ton.  Talus  slopes;  occasional.  Northeast¬ 
ern  intraneous.  July,  Aug.  Monroe  Coun¬ 
ty  record.  F,  PH. 

Myosotis  macrosperma  Engelm.  Mesic 
slopes  and  ledges;  occasional.  South¬ 
eastern  extraneous.  May.  PH,  Shet. 

Myosotis  verna  Nutt.  Exposed  ledges; 
occasional.  Northeastern  extraneous. 
April,  May.  NVal,  Val,  PH,  DBB. 

Lithospermum  canescens  (Michx.) 
Lehm.  Prairie  slopes;  occasional  to  com¬ 
mon.  Central  intraneous.  April,  May. 
NVal,  Val,  F,  PduR,  PH,  Me,  SS,  CC. 

Lithospermum  incisum  Lehm.  Ex¬ 
posed  ledges  on  bluff  top;  occasional. 
Northeastern  extraneous.  April — June. 
F. 

Lithospermum  arvense  L.  Exposed 
ledges  on  bluff  top;  occasional.  Intro¬ 
duced  from  Europe.  May.  Val,  F. 
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FAMILY  VERBENACEAE 

Verbena  canadensis  (L.)  Britt.  Dry 
bluff  top  ledges;  occasional.  Southeast¬ 
ern  extraneous.  April — Oct.  F,  PH. 

Verbena  simplex  Lelim.  Exposed  ledges 
on  bluff  tops;  occasional.  Northeastern 
intraneous.  May — July.  Val.  SVal.  F. 
PduR. 

Verbena,  stride  Vent.  Exposed  ledges; 
occasional.  Central  intraneous.  June — 
Aug.  SVal,  F,  PduR,  DBO,  DBB. 

Verbena  urticifolia  L.  Talus  slopes 
and  dry  ledges;  occasional.  Central  in¬ 
traneous.  June,  July.  PH,  Sliet. 

FAMILY  PHRYMACEAE 

Phryma  leptostachya  L.  Shaded  talus 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  July.  PH. 

FAMILY  LABIATAE 

Salvia  pitched  Torr.  Rocky  prairie 
slope;  common.  Northwestern  extrane¬ 
ous.  Sept.  Johnson  County  record.  CC. 

Leonurus  cardiaca  L.  Talus  slopes  and 
low  ledges;  rare.  Introduced  from  cen¬ 
tral  Asia.  July,  Dec.  PH,  DBO. 

Scutellaria  elliptica  Muhl.  Dry  woods; 
occasional.  Northeastern  intraneous. 
Aug.  Randolph  County  record.  PduR, 
Shet. 

Scutellaria  parvula  Michx.  Dry  ledges 
on  bluffs;  occasional.  Northeastern  in¬ 
traneous.  All  specimens  appear  to  be 
var.  parvula.  May.  Monroe  County  rec¬ 
ord.  SVal,  PduR,  PH,  CC. 

Scutellaria  ovata  Hill.  Dry  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  The  large  var.  versicolor  (Nutt.) 
Fern,  was  found  on  shaded  slopes  at 
DBB,  Me,  and  Shet.  The  smaller  var. 
rugose  (Wiod)  Fern,  occurred  in  more 
exposed  situations  at  Val,  F,  and  PH. 
June— Aug.  Val,  F,  DBB,  PH,  Me,  Shet. 

Monarda  bradburiana  Beck.  Rocky 
slopes;  occasional.  Central  intraneous. 
May.  SVal,  F,  PH,  SS,  CC. 

Monarda  fistulosa  L.  Rocky  slopes;  oc¬ 
casional.  Northeastern  intraneous.  June, 
July.  Val,  SVal,  DBB,  PH,  SS. 

Marrubium  vulgar e  L.  Talus  slopes; 
rare.  Naturalized  from  Europe.  May— 
July.  PH. 

Lainium  amplexicaule  L.  Exposed 
ledges;  occasional.  Introduced  from 
Eurasia.  April.  Hardin  County  record. 
Shet,  CiR. 

Blephilia  ciliata  (L.)  Benth.  Rocky 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  June.  Hardin  County 
record.  DBO,  Shet. 


Blephilia  hirsute  (Pursli)  Benth. 
Shaded  rocky  slope;  rare.  Northeastern 
intraneous.  July.  CiR. 

Stachys  palustre  L.  var.  nipigonensis 
Jennings.  Talus  slope;  rare.  Northeast¬ 
ern  extraneous.  Aug.  F. 

Gunila  origanoides  ( L. )  Britt.  Dry 
slopes  above  limestone  ledges;  rare  on 
limestone.  Northeastern  intraneous. 
Sept.  PH,  Me. 

Pycnanthemum  pit  os  um  Nutt.  Exposed 
ledges;  occasional.  Central  intraneous. 
Aug.  NVal,  SVal,  F. 

Teucrium  canadense  L.  Exposed 
ledges;  occasional.  Northeastern  intra¬ 
neous.  July.  DBO,  DBB. 

Collinsonia  canadensis  L.  Shaded 
ledge;  rare.  Northeastern  intraneous. 
Sept.  Me. 

Physostegia  virginiana  (L.)  Benth. 
Prairie  slopes;  occasional  to  common. 
Northeastern  intraneous.  Sept.  Oct. 

Hedeoma  hispida  Pursli.  Exposed 
ledges  on  bluff  top;  common.  Northeast¬ 
ern  intraneous.  April.  F. 

Hedeoma  pulegioides  (L.)  Pern.  Dry 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  Aug.,  Sept.  PH,  Shet. 

Isanthus  brachiatus  (L.)  BSP.  Ex¬ 
posed  ledges;  occasional.  Northeastern 
intraneous.  Aug.  Val,  SVal,  F,  DBO,  PH. 

FAMILY  SOLANACEAE 

Physalis  heterophylla  Nees.  Hill  prai¬ 
rie;  rare.  Northeastern  extraneous.  May. 
Randolph  County  record.  PduP 

Physalis  pubescens  L.  Exposed  ledges; 
occasional.  Southern  extraneous.  July — 
Sept.  Monroe  and  Hardin  County  rec¬ 
ords.  SVal,  F,  PH,  Me,  Shet. 

Physalis  virginiana  Mill.  Exposed 
ledges  and  prairie  slopes;  occasional. 
Northeastern  intraneous.  May,  Sept.  PH, 
SS,  CC. 

Solanum  carolinense  L.  Exposed 
ledges;  occasional.  Northeastern  intra¬ 
neous.  June.  Shet. 

Solanum  nigrum  L.  Shaded  or  exposed 
ledges  and  talus  slopes;  occasional.  In¬ 
troduced  from  Eurasia.  Several  of  the 
author’s  specimens  are  referable  to  S. 
americanum  Mill.,  but  since  the  distinc¬ 
tions  between  these  species  are  not  clear¬ 
ly  marked  among  the  specimens  col¬ 
lected,  all  are  here  included  in  S.  nigrum 
L.  Aug. — Oct.  Monroe  and  Hardin  Coun¬ 
ty  records.  F,  PH,  Me,  CC,  Shet. 

FAMILY  SCROPHULARIACEAE 

Veronica  peregrine  L.  Exposed  ledges; 
occasional.  Northeastern  intraneous. 
May.  DBB,  PH,  Me,  Shet. 
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Veronica  arvensis  L.  Exposed  ledges; 
occasional.  Introduced  from  Europe. 
May.  NVal,  Val,  Shet. 

Seymeria  macrophylla  Nutt.  Dry 
slopes  and  talus;  occasional.  Central  in- 
traneous.  July.  DBB,  PH,  Shet. 

Aureolaria  flava  (L.)  Farwell.  Dry 
ridge  top  woods;  occasional.  Northeast¬ 
ern  intraneous.  Aug.  Monroe  County 
record.  Val,  F.  PduR,  PH,  Me. 

Gerardia  aspera  Dougl.  Hill  prairies; 
rare.  Northwestern  extraneous.  Sept. 
NVal,  Val. 

Gerardia  tenuifolia  Vahl.  Exposed 
ledges  and  hill  prairies;  occasional. 
Northeastern  intraneous.  Sept.,  Oct.  Val, 
F,  PduR. 

Scrophularia  marilandica  L.  Talus 
slopes  and  lower  ledges;  occasional. 
Northeastern  intraneous.  July,  Aug. 
Hardin  County  record.  F.  PH,  Shet. 

Penstemon  pallidus  Small.  Dry  slopes 
and  ledges;  occasional.  Northeastern 
intraneous.  May.  June.  F,  PH,  Me,  SS, 
CC. 

Penstemon  deamii  Pennell.  Exposed 
ledge;  rare.  Central  intraneous.  June. 
Monroe  County  record.  SVal. 

Penstemon  digitalis  Nutt.  Wooded 
slopes;  occasional.  Northeastern  intra¬ 
neous.  June.  Shet. 

Buchnera  americana  L.  Hill  prairies 
and  ledges;  occasional.  Southeastern  ex¬ 
traneous.  June — Aug.,  Oct.  Randolph 
County  record.  SVal,  F,  PduR. 

V eronicastrum  virginicum  (L.)  Far- 
well.  Ridge  top  woods;  occasional. 
Northeastern  intraneous.  July,  Aug.  Val, 
SVal,  F. 

V erbascum  thapsus  L.  Exposed  ledges 
and  talus  slopes;  occasional.  Introduced 
from  Europe.  June,  July.  Val,  SVal,  F, 
PH. 

FAMILY  ACANTHACEAE 

Ruellia  humilis  Nutt.  Hill  prairies 
and  exposed  ledges;  occasional  to  com¬ 
mon.  Northeastern  intraneous.  June — 
Aug.  Val,  SVal,  F,  DBO,  PH,  CC,  Shet. 

Ruellia  strepens  L.  Talus  slope;  oc¬ 
casional.  Northeastern  intraneous.  Oct. 
(in  fruit).  Monroe  County  record.  F. 

Ruellia  carolinensis  (Walt.)  Steud. 
Wooded  slopes;  occasional.  Southeastern 
extraneous.  May,  Sept.  Monroe  and  John¬ 
son  County  records.  F,  CC,  Shet. 

Ruellia  pedunculata  Torr.  Shaded 
ledge;  rare.  Southeastern  extraneous. 
June.  Me. 

Dicliptera  brachiata  (Pursh)  Spreng. 
Shaded  rocky  slopes;  ocacsional.  South¬ 
ern  extraneous.  Sept..  Oct.  Shet. 


FAMILY  OROBANCHACEAE 

Epifagus  virginiana  (L.)  Barton.  Dry 
upland  woods;  rare.  Northeastern  intra¬ 
neous.  Sept,  (in  fruit).  Me. 

Orobanche  uniflora  L.  Exposed  bluff 
top  ledges;  occasional  to  rare.  North¬ 
eastern  intraneous.  May,  June.  Monroe 
County  record.  NVal,  F. 

FAMILY  BIGNONIACEAE 

Campsis  radicans  (L.)  Seem.  Exposed 
ledges;  common.  Northeastern  intrane¬ 
ous.  June,  July.  Monroe  County  record. 
Val,  SVal,  F,  PduR,  DBO,  DBB,  PH,  Me, 
CC,  Shet,  CiR. 

Bignonia  capreolata  L.  Dry  slopes  and 
ledges;  occasional.  Southern  extraneous. 
May.  Me,  SS,  Shet,  CiR,  ECiR. 

Catalpa  speciosa  Warder.  Dry  bluff 
top;  rare.  Southern  extraneous.  July. 
Shet. 

FAMILY  PLANTAGINACEAE 

Plantago  aristata  Michx.  Exposed 
ledges;  occasional.  Northeastern  intra¬ 
neous.  June.  F,  DBB. 

Plantago  virginica  L.  Exposed  ledges; 
occasional.  Northeastern  intraneous. 
May.  NVal,  F,  Shet. 

FAMILY  RUBIACEAE 

Galium  circaezans  Michx.  Dry  wooded 
slopes;  occasional.  Northeastern  intra¬ 
neous.  May — Sept.  Val,  F,  DBB,  PH,  SS, 
Shet,  ECiR. 

Galium  concinnum  Torrey  &  Gray. 
Prairie  slope;  rare.  Northeastern  intra¬ 
neous.  July.  CC. 

Galium  virgatum  Nutt.  Exposed 
ledges;  occasional  to  common.  Southern 
extraneous.  April.  F. 

Galium  aparine  L.  Slopes  and  ledges; 
occasional.  Northeastern  intraneous. 
May.  NVal,  Val,  F,  DBO,  PH,  Me,  CC, 
SS,  Shet. 

Galium  lanceolatum  Torr.  Wooded 
ridge;  rare.  Northeastern  intraneous. 
Oct.  (in  fruit).  F. 

Galium  pilosum  Ait.  Dry  ridge  top 
woods;  occasional.  Northeastern  intra¬ 
neous.  June,  July.  F,  PH,  SS. 

Houstonia  nigricans  (Lam.)  Fern. 
Hill  prairies  and  exposed  ledges;  com¬ 
mon.  Southern  extraneous.  June — Aug. 
Val,  SVal,  F,  PH. 

Houstonia  lanceolata  (Poir.)  Britt. 
Prairie  slope;  rare.  Northeastern  intra¬ 
neous.  May.  CC. 

Houstonia  longifolia  Gaertn.  Prairie 
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slope;  rare.  Northeastern  intraneous. 
May.  SS. 

Houstonia  tenuifolia  Nutt.  Hill  praries 
and  exposed  ledges;  occasional.  South¬ 
eastern  extraneous.  May.  Val,  F,  PH. 

FAMILY  CAPRIFOLIACEAE 

Symphoricarpos  orbiculatus  Moencli. 
Dry,  wooded  slopes  and  bluff  tops;  oc¬ 
casional.  Northeastern  intraneous.  July. 
Union  County  record.  Val,  SVal,  F,  PH, 
SS,  Shet. 

Lonicera  japonica  Tliunb.  Slopes  and 
ledges;  occasional.  Naturalized  from 
Asia.  June.  Hardin  County  record.  DBO, 
PH,  SS,  Shet. 

Viburnum  ruficlulum  Raf.  Exposed 
ledges  and  dry  bluff  tops;  occasional. 
Southern  extraneous.  May.  NVal,  Val, 
SVal,  F,  PduR,  DBO,  DBB,  PH. 

FAMILY  CAMPANULACEAE 

Upecularia  biflora  (Ruiz  &  Pavon) 
Fisch.  &  Mey.  Exposed  ledges;  rare. 
Southern  extraneous.  Monroe  and  Union 
County  records.  SVal,  PH. 

Specularia  perfoliata  (L.)  A.  DC.  Ex¬ 
posed  ledges  and  talus  slopes;  occasion¬ 
al.  Northeastern  intraneous.  May.  F, 
PH,  Shet. 

Lobelia  spicata  Lam.  Prairie  slopes; 
occasional.  Northeastern  intraneous. 
July.  Johnson  County  record.  CC. 

Campanula  americana  L.  Mesic  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  July — Oct.  SVal,  F,  DBB,  PH, 
Me,  CC,  Shet. 

Valerianella  radiata  (L.)  Dufr.  Dry 
ledge  in  a  weedy  situation;  occasional. 
Southern  extraneous.  May.  Hardin  Coun¬ 
ty  record.  HC. 

FAMILY  COMPOSITAE 

Krigia  oppositifolia  Raf.  Rocky,  wooded 
slopes;  occasional.  Southern  extraneous. 
May.  Shet. 

Hieracium  gronovii  L.  Dry  upland 
woods;  rare  on  limestone.  Northeastern 
intraneous.  July.  Me. 

Lactuca  seariola  L.  Exposed  ledges; 
occasional.  Introduced  from  Europe. 
Aug.  SVal,  DBB. 

Lactuca  floridana  (L.)  Gaertn.  Mesic 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  July — Sept.  Hardin 
County  record.  DBB,  PH,  Shet. 

Lactuca  ludoviciana  (Nutt.)  DC.  Ex¬ 
posed  ledge;  rare.  Northwestern  extra¬ 
neous.  Aug.  Monroe  County  record.  F. 


Tragopogon  porrifolius  L.  Exposed 
ledge;  rare.  Introduced  from  Europe. 
May  (in  fruit).  Monroe  County  record. 
F. 

Erigeron  annuus  (L.)  Pers.  Slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  June,  July,  Sept.  Val,  SVal,  DBB, 
PH,  Me. 

Erigeron  strigosus  Muhl.  Prairies  and 
dry  slopes;  occasional  to  common.  North¬ 
eastern  intraneous.  May — Sept.  Val,  F, 
DBO,  PH,  CC,  Shet. 

Erigeron  philadelphicus  L.  Talus 
slopes;  occasional.  Northeastern  intra¬ 
neous.  May.  Val,  F,  PH. 

Erigeron  canadensis  L.  Exposed 
ledges  and  talus  slopes;  occasional. 
Northeastern  intraneous.  Aug.  Val,  F, 
DBO,  DBB,  PH. 

Eupatorium  altissimum  L.  Hill  prai¬ 
ries  and  dry  slopes;  occasional.  Central 
intraneous.  Aug.,  Sept.  Hardin  County 
record.  Val,  F,  PduR.  DBB,  PH,  SS,  CC, 
Shet. 

Eupatorium  rugosum  Houtt.  Mesic 
slopes  and  ledges;  occasional.  Northeast¬ 
ern  intraneous.  July — Oct.  Val,  F,  DBB, 
PH,  Me,  Shet. 

Eupatorium  serotinum  Miclix.  Exposed 
ledge;  rare.  Southeastern  extraneous. 
Aug.  DBO. 

Xanthium  commune  Britt.  Sandy 
ledges  at  base  of  Devil’s  Bake  Oven; 
rare  on  limestone.  Northeastern  intra¬ 
neous.  Aug.  Jackson  County  record. 
DBO. 

Cirsium  altissimum  (L.)  Spreng.  Dry 
slope;  rare.  Northeastern  extraneous. 
Sept.  PH. 

Cirsium  discolor  (Muhl.)  Spreng.  Dry 
slopes  and  ledges;  occasional.  North¬ 
eastern  intraneous.  Aug.  Hardin  County 
record.  DBB,  Shet. 

Liatris  cylindracea  Miclix.  Hill  prai¬ 
ries  and  ledges;  occasional.  Northeast¬ 
ern  extraneous.  Aug.,  Sept.  Union  Coun¬ 
ty  record.  Val,  SVal,  F,  PH. 

Liatris  aspera  Miclix.  Hill  prairies  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  Sept.  Val,  PH. 

Liatris  scabra  (Greene)  K.  Schum. 
Prairie  slopes;  occasional.  Southern  ex¬ 
traneous.  Sept.  SS.  CC. 

Aster  anomalus  Engelm.  Dry  wooded 
or  exposed  slopes  and  ledges;  occasion¬ 
al.  Southwestern  extraneous.  Sept.  Val, 
PH,  Me. 

Aster  shortii  Lindl.  Rocky  wooded 
slopes;  occasional.  Central  intraneous. 
Sept.,  Oct.  Hardin  County  record.  Shet. 

Aster  drummondii  Lindl.  Prairie 
slopes;  occasional.  Central  intraneous. 
Oct.  F. 
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Aster  texanus  Burgess.  Dry  bluff  top; 
rare.  Southwestern  extraneous.  Sept. 
State  record.  Val. 

Aster  sagittifolius  Wedemeyer.  Dry, 
rocky  slopes  and  ledges;  occasional. 
Northeastern  intraneous.  Sept.,  Oct.  Val, 
SS,  CC. 

Aster  azureus  Lindl.  Exposed  ledges 
and  hill  prairies;  occasional.  Central 
intraneous.  Sept.,  Oct.  NVal,  Val,  F. 

Aster  laevis  L.  Prairie  slopes;  occa¬ 
sional.  Northeastern  intraneous.  Monroe 
County  record.  SS,  Val. 

Aster  patens  Ait.  Exposed  ledges  and 
prairie  slopes;  occasional.  Northeastern 
intraneous.  Aug. — Oct.  Val,  PduR,  SS, 
CC. 

Aster  oblongifolius  Nutt.  Exposed 
ledges  and  prairie  slopes;  occasional 
to  common.  Central  intraneous.  July — 
Oct.  Val,  SVal,  F.  PduR,  SS,  CC. 

Aster  lateriflorus  (L. )  Britt.  Dry 
wooded  slope;  rare.  Northeastern  intra¬ 
neous.  Sept.  Hardin  County  record.  Shet. 

Aster  pilosus  Willd.  Exposed  ledges; 
occasional.  Northeastern  intraneous.  Oct. 
Val,  F,  DBB. 

Aster  turbinellus  Lindl.  Exposed 
ledges;  occasional.  Southwestern  extra¬ 
neous.  Sept.  PH. 

Aster  ericoides  L.  Exposed  ledges;  oc¬ 
casional.  Northeastern  intraneous.  Sept., 
Oct.  Monroe,  Jackson,  and  Hardin  Coun¬ 
ty  records.  Val,  DBO,  Shet. 

Aster  exiguus  (Fern.)  Rydb.  Exposed 
ledges;  occasional.  Northeastern  intra¬ 
neous.  Sept.  Val. 

Aster  dumosus  L.  Exposed  ledges  and 
prairie  slopes;  occasional.  Northeastern 
intraneous.  Oct.  Monroe  County  record. 
Val. 

Kuhnia  eupatorioides  L.  Prairie  slopes 
and  ledges;  common.  Southern  extra¬ 
neous.  July — Oct.  Val,  F,  PduR,  DBO, 
PH,  SS,  CC,  CiR. 

Vernonia  altissima  Nutt.  Prairie 
slopes;  occasional.  Southern  extraneous. 
Sept.  SS. 

Vernonia  baldwinii  Torr.  Dry  slopes 
and  ledges;  occasional.  Southwestern 
extraneous.  July,  Aug.  SVal,  PduR,  DBB. 

Echinacea  pallida  Nutt.  Prairie  slopes; 
occasional  to  common.  Central  intrane¬ 
ous.  May,  June.  NVal,  Val,  SVal,  PduR, 
F.  PH,  SS,  CC. 

Bidens  bipinnata  L.  Exposed  ledges; 
occasional.  Northeastern  intraneous. 
July — Sept.  Monroe  County  record.  F, 
DBB,  PH,  Shet. 

Polymnia  canadensis  L.  Talus  slopes 
and  ledges;  occasional  to  common. 
Northeastern  intraneous.  June— Oct. 


Hardin  County  record.  Val,  F,  PH, 
ECiR. 

V erhesina  virginica  L.  Rocky  wooded 
slopes;  occasional.  Southern  extraneous. 
Sept.  Hardin  County  record.  SS,  CC, 
Shet. 

V  erhesina  alternifolia  (L.)  Britt. 
Talus  slopes;  occasional.  Northeastern 
extraneous.  Oct.  F. 

V erhesina  helianth  oide s  Michx. 
Rocky  wooded  slopes;  occasional.  Cen¬ 
tral  intraneous.  May.  SS. 

Silphium  terebinthinaceum  Jacq.  Prai¬ 
rie  slopes;  occasional  to  common. 
Northeastern  extraneous.  Aug.,  Sept. 
Val,  SS,  CC. 

Silphium  integrifolium  Michx.  Prairie 
slopes  and  ledges;  occasional.  Central 
intraneous.  July — Sept.  Val,  SVal,  F, 
PduR,  PH,  CC. 

Heliopsis  helianthoides  (L.)  Sweet. 
Exposed  and  shaded  rocky  slopes  and 
ledges;  occasional.  Northeastern  intra¬ 
neous.  July — Sept.  Val,  PH. 

Helianthus  divaricatus  L.  Rocky  slopes 
and  ledges;  occasional.  Northeastern  in¬ 
traneous.  July — Sept.  PH,  Me. 

Helianthus  hirsutus  Raf.  Dry  slopes 
and  ledges;  occasional.  Northeastern 
intraneous.  July — Sept.  Val,  SVal,  F, 
DBB,  PH,  Me,  SS,  CC. 

Helianthus  mollis  Lam.  Dry  slopes 
and  ledges;  occasional.  Central  intra¬ 
neous.  Sept.  Johnson  County  record.  CC. 

Helianthus  maximiliani  Schrad.  Ex¬ 
posed  ledge;  rare.  Northwestern  ex¬ 
traneous.  Oct.  Jackson  County  record. 
DBB. 

Coreopsis  lanceolata  L.  Exposed  ledges 
and  hill  prairies;  occasional.  Southeast¬ 
ern  extraneous.  May — July.  SVal,  F. 

Coreopsis  palmata  Nutt.  Exposed 
ledges  and  hill  prairies;  occasional. 
Northwestern  extraneous.  June,  July. 
Val,  SVal. 

Coreopsis  tripteris  L.  Ridge  top  woods; 
rare.  Northeastern  intraneous.  Sept.  Val. 

Ambrosia  artemisiifolia  L.  Exposed 
ledges  and  talus  slopes;  occasional.  Con¬ 
tinental  intraneous.  Aug. — Oct.  Val,  F, 
PduR,  DBO,  DBB,  PH,  CC,  Shet. 

Ambrosia  trifida  L.  Exposed  ledges; 
occasional.  Northeastern  intraneous. 
Aug.  DBB,  Me. 

Senecio  aureus  L.  Exposed  ledges; 
occasional.  Northeastern  intraneous. 
May.  PH. 

Senecio  glabellus  Poir.  Shaded  rocky 
slopes;  rare  on  limestone.  Southern  ex¬ 
traneous.  May.  Shet. 

Senecio  p>lattensis  Nutt.  Exposed 
ledges;  occasional.  Northeastern  intra- 
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neous.  May.  Val,  F,  PduR. 

Achillea  millefolium  L.  Exposed  ledges 
and  prairie  slopes;  occasional.  Intro¬ 
duced  from  Europe.  May,  June.  Val,  F, 
DBO,  DBB,  PH. 

Gacalia  atriplicifolia  L.  Talus  slopes; 
occasional.  Northeastern  intraneous. 
Aug.  Monroe  County  record.  SVal. 

Artemisia  annua  L.  Exposed  ledges; 
occasional.  Naturalized  from  Europe. 
Sept.,  Oct.  Sliet. 

Gnaphalium  obtusifolium  L.  Hill  prai¬ 
ries  and  ledges;  occasional.  Northeastern 
intraneous.  Sept.,  Oct.  NVal,  Val,  F, 
DBB. 

Antennaria  plantag  ini  folia  (L.)  Hook. 
Dry,  wooded  slopes;  occasional.  North¬ 
eastern  intraneous.  April,  May.  Val. 
PH. 

Solidago  rigida  L.  Hill  prairies;  occa¬ 
sional.  Central  intraneous.  Oct.  Val, 
SVal,  PH. 

Solidago  radula  Nutt.  Exposed  ledges 
and  slopes;  occasional  to  common. 
Southern  extraneous.  July — Sept.  Val, 
F,  PduR,  PH. 

Solidago  nemoralis  Ait.  Hill  prairies 
and  dry  slopes;  occasional.  Northeast¬ 
ern  intraneous.  Sept.,  Oct.  Val,  F,  PH. 

Solidago  juncea  Ait.  Exposed  ledges 
and  slopes;  occasional.  Northeastern 
intraneous.  July.  PH. 

Solidago  altissima  L.  Day,  Wooded 
slopes;  occasional.  Northeastern  intra¬ 
neous.  Sept.  Val,  CC. 

Solidago  canadensis  L.  Dry  ledge; 
rare.  Northeastern  extraneous.  Oct.  DBB. 

Solidago  ulmifolia  Muhl.  Wooded, 
rocky  slopes  or  prairies;  occasional. 
Northeastern  intraneous.  Aug. — Oct. 
Val,  F,  DBB,  PH,  Me,  SS,  CC,  Shet. 

Solidago  drummondii  Torrey  &  Gray. 
Exposed  ledges  and  rock  faces;  occa¬ 
sional  to  common.  Central  intraneous. 
Aug.— Nov.  NVal,  Val,  SVal,  F,  PduR, 
DBO,  DBB,  PH,  Me. 

Solidago  speciosa  Nutt.  Hill  prairies; 
occasional.  Northeastern  intraneous. 
Sept.,  Oct.  Val. 

Ratibida  pinnata  (Vent.)  Bernli.  Dry, 
rocky  slopes  and  prairies;  occasional. 
Central  intraneous.  June,  July.  Val, 
SVal,  SS,  Shet. 

Rudbeckia  hirta  L.  Dry,  rocky  slopes; 
occasional.  Northeastern  intraneous. 
June,  July.  SVal,  F,  DBB. 

Rudbeckia  bicolor  Nutt.  Dry,  rocky 
slope,  rare.  Southern  extraneous.  June. 
Me. 

Rudbeckia  triloba  L.  Wooded,  rocky 
slope;  occasional.  Northeastern  intrane¬ 
ous.  Sept.  Hardin  County  record.  Shet. 


Rudbeckia  missouriensis  Engelm.  Ex¬ 
posed  bluff  top  ledges  and  prairies;  oc¬ 
casional  to  common.  Southern  extrane¬ 
ous.  July — Oct.  Val,  SVal,  F,  PduR. 

Arctium  minus  (Hill)  Bernh.  Talus 
slopes;  occasional.  Naturalized  from  Eu¬ 
rope.  July.  PH. 

ADDITIONAL  VASCULAR  PLANTS 

REPORTED  TO  BE  ASSOCIATED 
WITH  LIMESTONE 
IN  SOUTHERN  ILLINOIS 

I.  Specimens  of  the  following  species 
in  the  Southern  Illinois  University 
Herbarium  bear  labels  indicating  that 
they  were  collected  in  direct  proximity 
to  limestone.  Seven  additional  plants 
in  the  Herbarium  labelled  “Limestone 
area”  were  not  included  because  of  the 
indefinite  nature  of  the  allocation. 

Cystopteris  bulbifera  (L.)  Bernh. 
Fountain  Bluff. 

Eragrostis  cilianensis  (All.)  Link. 
Fults. 

Panicum  depauperatum  Muhl.  Renault, 
Monroe  County. 

Carex  frankii  Wahl.  Pine  Hills. 

Smilax  glauca  Walt.  Pine  Hills. 

Belamcanda  chinensis  (L.)  DC.  Prai¬ 
rie  du  Rocher. 

Phoradendron  flavesce?is  (  P  u  r  s  li  ) 
Nutt.  Cave-in-Rock. 

Polygonum  erectum  L.  Wolf  Lake. 

Anemonella  thalictroides  (L.)  Spach. 
E.  of  Belknap,  Johnson  County. 

Gardamine  arenicola  Britt.  Roaring- 
Springs.  Union  County. 

Gardamine  pennsylvanica  Muhl.  Har¬ 
din  County  limestone  bluff. 

Gardamine  hirsute  L.  Hardin  County 
limestone  bluff. 

Draba  cuneifolia  Nutt.  Fults. 

Draba  verna  L.  Hardin  County. 

Ribes  missouriensis  Nutt.  Monroe 
County  bluff. 

Gardiospermum  halicacabum  L.  Fults. 

Viola  triloba  Schwein.  E.  of  Belknap, 
Johnson  County. 

Onosmodium  molle  Miclix. 

Scutellaria  leonardii  Epling  ( Scutel¬ 
laria  parvula  var.  leonardii  (Ep¬ 
ling)  Fern.).  Cave-in-Rock. 

Penstemon  hirsutus  (L.)  Willd.  Pine 
Hills,  Cave-in-Rock. 

Linaria  vulgaris  Mill.  Cave-in-Rock. 

Eupatorium  purpureum  L.  Fults. 

Eupatorium  incarnatum  Walt.  Bluff 
Lake,  Union  County. 

Bidens  cernua  L.  Bluff  Lake,  Union 
County. 

Polymnia  uvedalia  L.  Fults. 
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Solidago  buckleyi  Torrey  &  Gray 
(labelled  S.  petiolaris).  Prairie 
du  Rocher. 

Solidago  latifolia  L.  Pine  Hills. 

II.  The  following  additional  species 
are  cited  as  occurring  on  limestone  in 
Mohlenbrock  and  Voigt  (1959): 

Juncus  secundus  Beauv.  Devil’s  Bake 
Oven  (BS  24 (17). 

Smilax  hispida  Muhl.  Talus  at  Pine 
Hills. 

Urtica  chamaedryoides  Pursh.  Lime¬ 
stone  bluff  at  Grand  Tower  ( BS  584). 

Cerastium  arvense  L.  Limestone  bluffs 
iu  Gallatin,  Pope,  and  Saline  Coun¬ 
ties. 

Philadelphus  pubescens  Loisel.  Near 
Golconda. 

Euphorbia  obtusata  Pursh.  Talus  at 
Pine  Hills. 

Ampelopsis  arborea  (L.)  Koehne. 
“Near  Mississippi  River.” 

Melothria  pendula  L.  Near  Thebes, 
Alexander  County. 

Pycnanthemum  incanum  (L.)  Michx. 
“Southern  counties.” 

III.  R.  A.  Evers  (1955)  records  addi¬ 
tional  species  for  certain  of  the  stations 
which  were  identical  to  those  he  visited 
during  liis  study.  These  stations  are 
indicated  in  the  following  list  by  the 
abbreviations  used  previously  in  this 
paper. 

Spiranthes  cernua  (L.)  Rich.  PduR. 

Heuchera  richardsonii  R.  Br.  SVal, 
PduR.  PH. 

Lespedeza  simulata  Mack.  &  Bush.  F. 

Polygala  verticillata  L.  PduR. 

Lechea  stricta  Leggett.  SVal. 

Onosmodium  occidentale  Mack.  CC. 

Scutellaria  leonardii  Epling  (Scutel¬ 
laria  parvula  var.  leonardii  (Ep¬ 
ling)  Fern.).  CC. 

Gerardia  gattingeri  Small.  SVal,  F, 
PduR. 

Diodia  teres  Walt.  PduR. 

Aster  sericeus  Vent.  SVal,  F,  PduR. 

Cacalia  tuberosa  Nutt.  PduR. 

Helianthus  rigidus  (Cass.)  Desf.  SVal. 

Helianthus  strumosus  L.  SVal. 

Lactuca  canadensis  L.  PduR. 

Vernonia  missurica  Raf.  F.  PduR. 


VII.  Summary 

A  study  of  the  plants  of  the  lime¬ 
stone  outcroppings  in  southern  Illi¬ 
nois  was  initiated  in  April,  1962, 
and  continued  through  November  of 
the  following  year.  During  this 


period  collections  were  obtained 
from  fifteen  stations  in  six  counties. 

A  total  of  552  species  of  plants 
was  recorded.  Six  of  these  were  pre¬ 
viously  unknown  from  Illinois. 
These  are  Panicum  heller i  Nash, 
Panicum  longifolium  Scribn.,  Pani- 
cuni  malacophyllum  Nash,  Panicum 
nitidum  Lam.,  Euphorbia  dictyos- 
perma  Fisch.  &  Mey.,  and  Aster 
texanus  Burgess.  In  addition,  153 
county  records  were  obtained.  Fifty- 
seven  species  constituted  new  rec¬ 
ords  for  Monroe  County,  forty-five 
for  Hardin  County,  sixteen  for 
Johnson  County,  fifteen  for  Union 
County,  and  ten  each  for  Jackson 
and  Randolph  Counties. 
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PLANT  SPECIES  OF  BEALL’S  WOODS, 
WABASH  CO.,  ILLINOIS 


WILLIAM  C.  ASHBY  and  JAMES  E.  OZMENT 
Botany  Department ,  Southern  Illinois  University ,  Carbonclale  62001 


Abstract  —  A  total  of  340  species  were 
found  on  approximately  300  forested 
acres.  Eight  forest  types  were  recog¬ 
nized,  four  on  the  upland  and  four  on 
the  floodplain  periodically  inundated  by 
the  Wabash  River.  White  oak  pre¬ 
dominated  on  the  upland.  Several  tree 
species  important  in  the  lower  Missis¬ 
sippi  River  bottomlands  were  found 
on  the  floodplain.  Trees  3  and  4  feet 
in  diameter  were  relatively  common, 
particularly  on  the  floodplain. 


Beall’s  Woods  lie  about  eight 
miles  south  of  Mt.  Carmel,  Illinois 
in  approximately  a  half  section  of 
land  on  both  sides  of  Coffee  Creek 
and  Sugar  Creek  at  their  confluence 
with  each  other  and  with  the  Wa¬ 
bash  River.  This  area  was  acquired 
by  the  Illinois  Department  of  Con¬ 
servation  in  1965.  During  the  Wis¬ 
consin  glacial  period  the  Wabash 
Valley  had  been  entrenched  and 
subsequently  filled  with  sediments 
(outwash,  lacustrine  flats,  and 
loess).  Flood  stages  of  30  feet  on 
the  Wabash,  which  reach  approxi¬ 
mately  the  400- foot  contour  at 
Beall’s  Woods,  cover  about  half  of 
the  nearly  300  forested  acres.  Onlv 
a  small  portion  of  the  floodplain  re¬ 
mains  under  water  longer  than  the 
period  of  flood  in  the  Wabash.  Wells 
in  the  vicinity  contribute  oil  which 
is  carried  by  flood  waters  and  has 
been  deposited  on  tree  trunks  and 
on  litter  piles  left  by  the  waters. 


Mr.  Archie  Esarey  of  nearby 
Rochester,  Illinois,  son  and  brother 
of  tenants  who  farmed  the  property 
from  1912  for  30  years,  stated  that 
past  use  of  the  woods  has  included 
hogs  (about  125  head),  some  cattle, 
hunters,  and  mushroom  collectors. 
Walnut  over  12 -inches  diameter 
breast  height  (I)BH),  large  sweet 
gum  and  burr  oak,  yellow  poplar 
(tulip  tree),  and  “dead”  trees  were 
r< 'moved  in  former  years.  The  AVorks 
Progress  Administration  cleaned  out 
along  the  creek.  Mr.  Esarey  felt 
that  the  woods  were  thicker  now 
than  in  earlier  times,  when  they 
could  drive  a  team  a  n  d  wagon 
through  to  feed  the  hogs. 

The  vegetation  and  environment 
along  the  Wabash  have  been  de¬ 
scribed  by  Lindsey,  et  al.  (1961). 
The  climate  is  continental,  typical 
of  southeastern  Illinois.  Soils  are 
described  in  the  Wabash  County 
Soil  Survey  (1964).  Soils  recog¬ 
nized  include  Beaucoup  silt  loam, 
Allison  silty  clay  loam,  Wakeland 
silt  loam,  and  Birds  silt  loam  pri¬ 
marily  on  the  floodplain.  Limited 
sandstone  bluffs  or  steep  banks  occur 
along  portions  of  Coffee  Creek. 
About  a  half  -  dozen  ravines  with 
banks  up  to  50  feet  high  and  lengths 
of  several  hundred  feet  are  locally 
entrenched  into  the  upland,  which 
lies  between  the  400-  and  the  450- 
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foot  contours.  Soils  shown  on  the 
Soil  Survey  for  the  upland  include 
extensions  of  those  from  the  lower 
areas  and  Hickory  loam,  Marissa 

t/ 

silt  loam,  Roby  fine  sandy  loam, 
Iona  silt  loam,  and  Alford  silt  loam. 
The  boundaries  for  these  soils  do  not 
correspond  to  the  vegetational  units 
recognized  later  in  the  paper,  which 
tend  to  be  related  more  closely  to 
topographic  position.  Detailed  soil 
types  for  alluvial  soils  have  been 
recognized  in  other  areas  not  to  cor¬ 
respond  closely  to  vegetation  types. 

Procedure 

Preliminary  trips  were  made  to  the 
forest  in  the  summer  and  fall  of  1982 
with  several  foresters  and  botanists.  x\ 
preliminary  species  list  was  prepared 
based  on  sight  records  and  a  few  her¬ 
barium  specimens  of  unsual  species. 
Numerous  diameter  and  a  few  height 
measurements  showed  clearly  that  the 
trees  of  this  forest  were  indeed  excep¬ 
tional  in  size.  These  data  were  in  agree¬ 
ment  with  records  from  timber  cruises 
carried  out  in  the  Division  of  Forestry, 
Illinois  Department  of  Conservation,  by 
Richard  Thom  in  1951  and  by  H.  F. 
Siemert  in  1962. 

Stereo  photointerpretation  of  U.  S. 
Department  of  Agriculture  aerial  photo¬ 
graphs,  1952  series,  by  Malchus  B. 
Baker,  Jr.,  then  a  student  in  the  Fores¬ 
try  Department,  Southern  Illinois  Uni¬ 
versity,  revealed  13  areas  with  identifi¬ 
able  characteristics  and  reasonable  in¬ 
ternal  homogeneity.  Occasional  visits 
were  made  by  W.  C.  Ashby,  and  20  visits 
were  made  by  J.  E.  Ozment  during  the 
growing  season  of  1963,  averaging  one 
per  week  in  April,  May,  and  June, 
and  then  approximately  one  each  two 
weeks  up  to  October.  The  forested  areas 
were  systematically  covered  with  atten¬ 
tion  to  phenology,  vegetation  types,  and 
species  present.  Herbarium  specimens 
were  collected,  pressed,  identified,  and 
deposited  in  the  herbarium  of  the  Bot¬ 
any  Department,  Southern  Illinois  Uni¬ 
versity,  Carbondale.  Point  samples  were 
taken  with  a  wedge  prism  to  give  basal 
areas  and  species  composition.  Geogra¬ 
phic  localization  of  vegetation  types  was 
sketched  on  an  enlarged  portion  of  the 


Keensburg  Quadrangle,  U.  S.  Geological 
Survey,  which  included  Beall’s  Woods. 
Although  there  was  a  broad  correspond¬ 
ence  of  areas  delineated  on  the  aerial 
photographs  and  the  types  observed  in 
the  ground  survey,  successive  refinement 
of  types  resulted  in  a  closer  correspond¬ 
ence  to  topographic  features  than  was 
initially  sketched. 

Results 

Moist  higher  ground  had  a  flower 
display  from  April  to  May  of  yellow 
fumewort,  violets,  bloodroot,  Dutch¬ 
man’s  breeches,  and  toothwort.  As 
the  spring  flood  waters  retreated  in 
late  April,  first  spring  cress  and 
then  swamp  buttercup  were  conspic¬ 
uous  flowering  in  the  bottoms.  In 
May  the  upland  spring  herbs  dis¬ 
appeared,  while  a  heavy  herbaceous 
cover  developed  in  the  bottomland, 
characterized  by  single-species  dom¬ 
inance  of  local  areas.  Aster  species, 
and  flowering  butterweed  ( Senecio ) 
were  important,  as  was  poison  ivy. 
During  June  and  July  the  creek 
would  flood  up  several  feet  follow¬ 
ing  rains.  Some  large  trees  on  the 
floodplains  were  found  uprooted 
during  these  periods.  Down  timber 
had  also  been  observed  on  the  up¬ 
land  in  early  spring.  New  herbs 
were  observed  flowering  in  Septem¬ 
ber  with  progressive  drying  of  the 
creek  beds. 

The  complete  listing  of  all  species 
recorded  is  presented  by  growth 
form  and  by  family  in  the  species 
list  {Table  1) .  In  number  of  species, 
there  were  60  trees,  15  shrubs,  22 
vines,  5  ferns,  and  238  herbs,  or  a 
total  of  340  species  on  less  than  one- 
half  a  square  mile.  A  number  of 
tree  species  characteristic  of  the 
Mississippi  River  bottomlands  fur¬ 
ther  south  but  not  usual  for  this 
latitude  (38°22')  in  Illinois  were 
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Table  1. — Species  List  of  Vascular 
Plants  Collected  from  Beall’s  Woods, 
Wabash  County,  Illinois  1962-1964. 

TREES 

Aceraceae 

Acer  negundo  Boxelder 
A.  rubrum  Red  maple 
A.  saccharinum  Silver  maple 
A.  saccharum  Sugar  maple 
Annonaceae 

Asimina  triloba  Pawpaw 
Cornaceae 

Cornus  florida  Flowering  dogwood 
Corylaceae 

Betula  nigra  River  birch 
Carpinus  caroliniana*  Blue  beech 
or  Hornbeam 

Ostrya  virginiana  Ironwood  or  hop- 
hornbeam 
Ebenaceae 

Diospyros  virginiana  Persimmon 
Fagaceae 

Fagus  grandifolia*  Beech 
Quercus  alba  White  oak 
Q.  bicolor  Swamp  white  oak 
Q.  falcata  var.  pagodaefolia  Cher¬ 
ry-bark  oak 

Q.  imbricaria  Shingle  oak 
Q.  lyrata  Overcup  oak 
Q.  macrocarpa  Burr  oak 
Quercus  michauxii  Basket  oak 
Q.  muhlenbergii  Chinquapin  oak 
Q.  palustris  Pin  oak 
Q.  ruba  Red  oak 
Q.  shumardii  Shumard’s  red  oak 
Q.  stellata  Post  oak 
Q.  velutina  Black  oak 
Hamamelidaceae 

Liquidambar  styraciflua  Sweetgum 
Juglandaceae 

Garya  cordiformis  Bitternut  hicko¬ 

ry 

G.  glabra  Pignut  hickory 
G.  illinoensis  Pecan 
G.  laciniosa  Shellbark  hickory 
G.  ovalis  Small-fruited  hickory 
G.  ovata  Shagbark  hickory 
G.  tomentosa  Mockernut  hickory 
Juglans  nigra  Black  walnut 
Lauraceae 

Sassafras  albidum  Sassafras 
Leguminosae 

Gercis  canadensis  Redbud 
Gledit.sia  tricanthos  Honey  locust 
Gymnocladus  dioica  Kentucky  cof¬ 
fee  tree 


*Almost  or  entirely  restricted  to  soil 
above  sandstone  outcrops. 

+Mostly  introduced  species  occurring  in 
a  few  disturbed  areas — field  edge,  etc. 


Magnoliaceae 

Liriodendron  tulipifera  Tulip  tree 
(Yellow  poplar) 

Moraceae 

Morus  alba+  White  mulberry 
M.  rubra  Red  Mulberry 
Nyssaceae 

Nyssa  sylvatica  Black  gum 
Oleaceae 

Fraxinus  americana  White  ash 
F.  pennsylvanica  Red  ash 

F.  p.  var.  subintegerrima  Green 
ash 

Platanaceae 

Plantanus  occidentals  Sycamore 
Rosaceae 

Crataegus  crus-galli  Cockspur- 
thorn 

G.  mollis  Hawthorn 

Prunus  americana  var.  lanata  Wild 
plum 

P.  persica+  Peach 
P.  serotina  Wild  black  cherry 
Pyrus  angustifolia  Wild  crab-apple 
Salicaceae 

Populus  deltoides  Cottonwood 
Salix  lucida  Shining  willow 
<S\  nigra  Black  willow 
Simaroubaceae 

Ailanthus  altissima+  Tree-of-heaven 
Tiliaceae 

Tilia  americana  Basswood 
Ulmaceae 

Geltis  laevigata  Sugarberry 
G.  Occident  alls  Hackberry 
Ulmus  americana  American  elm 
U.  rubra  Slippery  elm 

SHRUBS 

Anacardiaceae 

Rhus  glabra  Smooth  sumac 
R.  radicans  Poison  ivy — also  listed 
as  a  vine 
Aquifoliaceae 

Ilex  decidua  Deciduous  holly 
Caprifoliaceae 

Sambucus  canadensis  Elderberry 
Symhoricarpos  orbiculatus  Coral- 
berry 

Celastraceae 

Euonymus  atropurpureus  Wahoo 
Cornaceae 

Cornus  drummondi  Rough-leaved 
dogwood 
Corylaceae 

Corylus  americana  Hazelnut 
Lauraceae 

Lindera  benzoin  Spicebush 
Rosaceae 

Rosa  setigera  Climbing  rose 
Rubus  allegheniensis  Allegheny 
blackberry 
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R.  alumnus 
Rubiaceae 

C  ephalanthus  occidental  is  Button- 
busli 

Saxifragaceae 

Hydrangea  arborescens  Wild  hy¬ 
drangea 
Staphyleaceae 

8 tapliylea  trifolia  Bladdernut 
VINES 

Anacardiaceae 

Rhus  radicans  Poison  ivy 
Bignoniaceae 

Bignonia  capreolata  Crossvine 
Campsis  radicans  Trumpet  creeper 
Caprifoliaceae 

Loyiicera  japonica+  Japanese  honey 
suckle 

Convolvulaceae 

Guscuta  coryli  Dodder 
C.  polygonorum 

Ipomoea  lacunosa  Small-flowered 
morning  glory 
Cucurbitaceae 

Sicyos  angulatus  Bur  cucumber 
Dioscoraceae 

Dioscorea  villosa  Wild  yam 
Liliaceae 

Smilax  lasioneurci  Carrion  flower 
8.  pulverulenta 

8.  rotunclifolia  Common  greenbrier 
8.  tamnoides  var.  hispida  Bristly 
greenbrier 
Menispermaceae 

M  enispermum  canadense  Moon- 
seed 

Passifloraceae 

Passi flora  lutea  Passion  flower 
Polygonaceae 

Polygonum,  convolvulus  Black  bind¬ 
weed 

P.  scandens  Climbing  false  buck¬ 
wheat 

Ranunculaceae 

Clematis  virgin iana  Virgin’s  bower 
Vitaceae 

Parthenocissus  quinquefolia  Virgin¬ 
ia  creeper 

Vitis  cinerea  Pigeon  grape 
V.  riparia  River-bank  grape 
V.  vulpina  Frost  grape 

FERNS  AND  FERN  ALLIES 
Equisetaceae 

Equisetum  hyemale  Tall  scouring 
rush 

Ophioglossaceae 

Botrychium  virginianum  R  a  t  t  1  e- 
snake  fern 


Polypodiaceae 

Cystopteris  fragilis  Fragile  fern 
Dryopteris  hexagonoptera  Broad 
beech  fern 

Polystichum  acrostic}) oides  Christ¬ 
mas  fern 


HERBS 

Acanthaceae 

Ruellia  strepens  Wild  petunia 
Amaranthaceae 

Amaranthus  hybridus+  Pigweed 
Iresine  rhizomatosa  Bloodleaf 
Amaryllidaceae 

Hypoxis  hirsuta+  Yellow  star  grass 
Araceae 

Arisqema  dracontium  Green  drag¬ 
on 

A.  triphyllum  Jack-in-the-pulpit 
Araliaceae 

Panax  quinquefolius  Ginseng 
Aristolochiaceae 

Aristolochia  serpentaria  Virginia 
snakeroot 

Asarum  canadense  var.  reflexum 
Wild  ginger 
Asclepiadaceae 

Asclepias  exaltata  Poke  milkweed 
A.  perennis 
Balsaminaceae 

Tmpatiens  capensis  Spotted  touch- 
me-not 

I.  pallida  Pale  touch-me-not 
Berberidaceae 

Podophyllum  peltatum  Mayapple 
Boraginaceae 

Hackelia  virginiana  Stickseed 
Campanulaceae 

Campanula  am  eric  ana  Tall  bell¬ 
flower 

Lobelia  inflata  Indian  tobacco 
8j)ecularia  perfoliata  Venus’s  look¬ 
ing-glass 
Caryopliyllaceae 

Paronychia  canadensis  Forked 
chickweed 
P.  fastigiata 

8ilene  stellata  Starry  campion 
Stellaria  longifolia  Starwort 
Chenopodiaceae 
Atriplex  patuRC 

Chenopodium  album +  Lamb’s  quar¬ 
ters 

C.  boscianum 
Commelinaceae 

Commelina  diffusa  Dayflower 
C.  virginica 

Tradescantia  subaspera  Spiderwort 
Compositae 

Achillea  millefolium +  Common  yar¬ 
row 
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Actinomeris  alternifolia  Wingstem 
Ambrosia  artemisiifolia  Common 
ragweed 

A.  trifida  Giant  ragweed 
Arctium  minus+  Common  burdock 
Artemisia  annua +  Annual  Worm¬ 
wood 

Aster  ericoides 

A.  lateriflorus 
A.  ontarionis 
A.  pilosus 

A.  simplex 

Bidens  bipinnata  Spanish  needles 

B.  frondosa  Beggar  ticks 
Bidens  polylepis 

B.  vulgata 

Eclipta  alba  Yerba-de-tago 
Elephantopus  carolinianus  Ele¬ 
phant’s  foot 

Erigeron  annuus  Daisy  fleabane 
E.  canadensis  Horseweed 
E.  philadelphicus 

Eupatorium  coelestinum  Mistflow- 
er 

E.  purpureum  Joe  Pye  weed 
E.  rugosum  White  snakeroot 
E.  serotinum  Late  boneset 
Lactuca  canadensis  Common  wild 
lettuce 

L.  floridana  Blue  wild  lettuce 
Prenanthes  altissima  Rattlesnake 
root 

Rudbeckia  laciniata  Golden  glow 
R.  subtomentosa  Fragrant  cone- 
flower 

R.  triloba  Brown-eyed  Susan 
Senecio  aureus  Golden  ragwort 
8.  glabellus  Butterweed 
Solidago  altissima  Tall  goldenrod 
8.  caesia  Blue-stemmed  goldenrod 
8.  gigantea  Late  goldenrod 
8.  ulmi folia  Elm-leaved  goldenrod 
Taraxacum  officinale +  Dandelion 
Vernonia  altissima.  Ironweed 
V.  missurica 

Xanthium  italicum  Cocklebur 
Crassulaceae 

8edum  ternatum*  Three-leaved 
stonecrop 
Cruciferae 

Arabis  laevigata  Smooth  rockcress 
Barbarea  vulgaris +  Common  winter- 
cress 

Cardamine  bulbosa  Spring  cress 
Dentaria  laciniata  Toothwort 
Iodanthus  pinnatifidus  Purple 
rocket 
Cyperaceae 

Carex  abscondita 

C.  bushii 

C.  cephalophora 


C.  cristatella 
G.  grayii 
C.  hitchcockiana 
C.  jamesii 
C.  laxiftora 
C.  louisianica 
G.  muhlenbergii 
G.  muskingumensis 
G.  nigromarginata 
G.  normalis 
G.  oligocarpa 
G.  rosea 
G.  scoparia 
G.  shortiana 
C.  sparganioides 
G.  squarrosa 
G.  tetanica 
G.  umbellata 

Eleocharis  obtusa  Spike  rush 
Scirpus  atrovirens  Bulrush 
8.  lineatus 
Euphorbiaceae 

Acalypha  rhomboidea  Three- 
seeded  mercury 
A.  virginica 
Euphorbia  humistrata 
E.  maculata  Nodding  spurge 
E.  supina  Milk  spurge 
Geraniaceae 

Geranium  carolinianum  Carolina 
cranesbill 
Gramineae 

Agrostis  hyemalis  Tickle  grass 
Andropogon  virginicus  Broomsedge 
Bromus  racemosus+ 

Ginna  arundinacea  Wood  reedgrass 
Danthonia  spicata  Poverty  grass 
Digitaria  sanguinalis+  Crabgrass 
Echinochloa  crusgallP  Barnyard 
grass 

E.  walteri 

Elymus  canadensis  Nodding  wild 
rye 

E.  virginicus 
Festuca  obtusa 

Hordeum  pusillum  Small  wild  bar¬ 
ley 

Leersia  virginica  White  grass 
Muhlenbergia  frondosa 
Panicum  capillar e 
P.  dichotomiftorum 
P.  lanuginosum  var.  fasciculatum 
P.  nitidum 
P.  oligosanthes 
Paspalum  pubiflorum 
Phleum  pratense +  Timothy 
Poa  compressa +  Canada  bluegrass 
P.  pratensis  Kentucky  bluegrass 
P.  sylvestris 

Setaria  viridis+  Green  foxtail 
Sphenopholis  intermedia 
8.  nitida 
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Guttiferae 

Ascyrum  hypericoides  St.  Andrew’s 
cross 

Hypericum  punctatum  Spotted  St. 
John’s-wort 

H.  tubulosum  var.  walteri 
Hydrophyllaceae 

Hydrophyllum  appendiculatum  Wa- 
terleaf 
Juncaceae 

Juncus  tenuis  Rush 
Luzula  bulbosa*  Woodrusli 
Labiatae 

Agastache  nepetoides  Horsemint 
Blephilia  hirsuta  Wood  mint 
Hedeomci  pulegioides  Pennyroyal 
Lycopus  rubellus  Water  horehound 
Prunella  vulgaris  Selfheal 
Pycnanthemum  flexuosum  Moun¬ 
tain  mint 

Scutella?'ia  lateriflora  Skullcap 
S.  nervosa 

S.  ovata 

Stachys  tenifolia  Common  hedge- 
nettle 

Teucrium  canadense  Wood  sage 
Leguminosae 

Desmodium  glabellum  Tick  trefoil 
D.  nudiflorum 
D.  pauciflorum 

Lespedeza  hirta*  Bush  clover 
L.  violacea* 

L.  virginica* 

Liliaceae 

Allium  canadense  Wild  onion 
Erythronium  albidum  White  trout 
lily 

Polygonatum  canaliculatum  Solo¬ 
mon’s  seal 

Smilacina  racemosa  False  Solo¬ 
mon’s  seal 

Trillium  flexipes  White  trillium 

T.  recurvatum  Resurved  wakerob- 
in 

Lytliraceae 

Ammannia  coccinea 
Cuphea  jyetiolata  Waxweed 
Rotala  ramosior  Tooth  cup 
Onagraceae 

Circaea  quadrisulcata  Enchanter’s 
nightshade 

Oenothera  biennis  Evening  prim¬ 
rose 

Orchidaceae 

Corallorhiza  wisteriana  Wister’s 
coral-root  orchid 

Liparis  lilifolia  Twayblade  orchid 
Oxalidaceae 

Oxalis  europaea  Common  wood  sor¬ 
rel 

0.  stricta  Yellow  wood  sorrel 
0.  violacea  Violet  wood  sorrel 


Papaveraceae 

Corydalis  flavula  Yellow  fumewort 
Dicentra  cucullaria  Dutchman’s 
breeches 

Sangumaria  canadensis  Bloodroot 
Phrymaceae 

Phryma  leptostachya  Lopseed 
Phytolaccaceae 

Phytolacca  americana  Pokeweed 
Plantaginaceae 

Plantago  rugelii  Common  plantain 
Polemoniaceae 

Phlox  divaricata  Blue  phlox 
P.  paniculata  Panicled  phlox 
Polemonium  reptans  Jacob’s  ladder 
Polygonaceae 

Polygonum  hydropiper  Common 
smartweed 

P.  pensylvanicum  Smartweed 
P.  punctatum  Water  smartweed 
Rumex  altissimus  Pale  dock 
R.  obtusifolius+  Bitter  dock 
Tovara  virginiayia  Virginia  knot- 
weed 

Portulacaceae 

Claytonia  virginica  Spring  beauty 
Primulaceae 

Anagallis  arvensis +  Scarlet  pim¬ 
pernel 

Lysimachia  lanceolata  N  a  r  r  o  w  - 
leaved  loosestrife 
L.  nummularia+  Moneywort 
Samolus  parviflorus  Brookweed 
Ranunculaceae 

Delphinium  tricorne  Wild  larkspur 
Hydrastis  canadensis  Goldenseal 
Myosurus  minimus  Mousetail 
Ranunculus  abortivus  Kidney-leaf 
buttercup 
R.  recurvatus 

R.  septentrionalis  Swamp  butter¬ 
cup 

Thalictrum  dioicum  Early  meadow- 
rue 

Rosaceae 

Agrimonia  pubescens  Agrimony 
A.  rostellata 

Aruncus  dioicus  Goat’s  beard 
Geum  canadense  White  avens 
G.  vernum  Spring  avens 
G.  virginianum 
Rubiaceae 

Diodia  teres  Rough  buttonweed 
Galium  aparine  Goosegrass 
G.  circaezans  Wild  licorice 
Galium  concinnum  Bedstraw 
G.  obtusum 

G.  triflorum  Sweet-scented  bedstraw 
Houstonia  purpurea 
Spermacoce  glabra  Smooth  button- 
weed 

Saururaceae 
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Saururus  cernuus  Lizard’s  tail 
Scrophulariaceae 
Ghelone  obliqua  Turtlehead 
G-erardia  flava  False  foxglove 
G.  tenuifolia 

Gratiola  neglecta  Hedge  hyssop 
Mimulus  alatus  Monkey  flower 
Penstemon  digitalis  Beard  tongue 
Scrophularia  marilandica  Figwort 
Seymeria  macrophylla  Mullein  fox¬ 
glove 

V  erbascum  blattaria+  Motli  mullein 
V.  thapsus+  Common  mullein 
Solanaceae 

Physalis  pubescens  Groundclierry 
P.  subglabrata 
Umbelliferae 

Chaerophyllum  tainturieri 
Cryptotaenia  canadensis  Honewort 


Erigenia  bulbosa  Harbinger  of 
spring 

Osmorhiza  claytoni  Sweet  cicely 

Sanicula  canadensis  Black  snake- 
root 

8.  gregaria 
Urticaceae 

Boehmeria  cylindrica  False  nettle 

Laportea  canadensis  Wood  nettle 

Parietaria  pensylvanica  Pellitory 

Pilea  pumila  Clearweed 
Verbenaceae 

Verbena  urticifolia  White  vervain 
Violaceae 

Viola  kitaibeliana  var.  rafinesquiP 
Field  pansy 

V.  papilionacea  Blue  violet 

V.  pensylvanica  Smooth  yellow 
violet 


found.  These  species  included  per¬ 
simmon,  overcup  oak,  basket  oak, 
Shumard  ’s  red  oak,  cherrybark  oak, 
sweet  gum,  and  sugarberry.  The 
spring-flowering  herbs  would  not  be 
unusually  rich  by  comparison  to 
areas  in  northern  Indiana  or  south¬ 
ern  Illinois.  This  may  be  related  to 
heavy  previous  use  of  the  woods 
bv  mushroom  hunters  a  n  d  other 
visitors,  and  by  livestock. 

In  Figure  1  is  shown  the  listing 
of  vegetation  types  and  their  distri¬ 
bution  related  to  the  general  topog¬ 
raphy  of  the  area.  White  oak  was 
the  predominant  tree  on  the  upland. 
Trees  over  three  feet  DBTI  were  not 
unusual.  Associated  black  oaks  at¬ 
tained  equal  sizes.  Shagbark,  pig¬ 
nut,  and  small -fruited  hickories  were 
the  more  usual  species  on  the  up¬ 
land.  Variants  in  the  apparently 
moist  zones  of  the  relatively  flat  up¬ 
lands  were  areas  with  tulip  tree  and 
with  sugar  maple.  Previous  cutting 
of  the  tulip  tree  seems  a  reasonable 
explanation  for  their  scarcity  when 
trees  2%  to  3  feet  DBH  were  locally 
present.  The  scattered  large  sugar 
maples  seemed  unusually  low  in 


number,  considering  the  size  at¬ 
tained  by  a  few,  to  40  inches  DBH. 

The  slope  to  the  west  of  the  lower 
portion  of  the  creek  has  a  red  oak- 
basswood  type  which  is  commonly 
found  on  relatively  steep  slopes 
above  streams  in  northern  and  cen¬ 
tral  Illinois.  Basswood  was  repro¬ 
ducing  vigorously  with  many  head- 
high  saplings  present.  This  contrasts 
to  the  southern  part  of  Illinois 
where  basswood  is  virtually  absent 
and  a  red  oak-beech-black  gum  type 
may  be  found  on  such  slopes.  At 
their  steepest  the  forested  slopes  rose 
at  an  angle  of  about  30  degrees.  The 
lower  part  of  the  southernmost  ra¬ 
vine  is  still  steeper,  severely  eroded, 
and  bare.  Cattle  trails  were  evident 
in  the  forest  which  lies  above  this 
ravine  and  south  of  the  450-foot 
contour,  next  to  a  cultivated  field. 

To  the  north  of  the  red  oak-bass¬ 
wood  type  ledges  of  layered  sand¬ 
stone  bound  the  floodplain  along  the 
western  margin  of  the  midsection  of 
Coffee  Creek.  The  vegetation  above 
the  sandstone  ledges  is  unique  for 
the  study  area.  Essentially  none  of 
the  spring  flowers  mentioned  above 
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were  present.  Moss  and  lichens,  in¬ 
cluding  Cladonia ,  were  evident, 
growing  among  broomseclge,  poverty 
grass,  sedges,  lespedezas,  and  false 
foxglove.  Black  oak,  of  smaller  stat¬ 
ure  than  in  other  parts  of  the  up¬ 
land,  was  important  locally.  Iron- 
wood  was  present  at  the  top  of  the 
ledges.  A  somewhat  unusual  eco¬ 
logical  feature  was  that  a  few  rela¬ 
tively  small  canopy  beeches  were 
found  here,  and  beech  was  essen¬ 


tially  absent  from  other  areas.  Horn¬ 
beam  had  a  similar  distribution. 

The  vegetation  on  the  areas  lying 
below  the  400-foot  contour  was  di¬ 
vided  into  four  additional  forest 
types.  That  closest  to  the  creek, 
occupying  the  floodplain  at  approx¬ 
imately  the  380-foot  contour,  was 
characterized  b}^  large  trees.  Silver 
maple,  pecan,  and  sycamore  were 
conspicuous,  with  local  basket  oak. 
Scattered  river  birch  and  cotton - 


Figure  1. — Forest  Type  Map,  Beall’s  Woods,  Wabash  County,  Illinois.  Vege¬ 
tation  types  by  James  E.  Ozment,  1963,  drawn  on  Keensburg  Quadrangle,  U.  S. 
Geological  Survey.  Prepared  by  Cartographic  Laboratory,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 
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wood  were  found.  In  the  south¬ 
eastern  area,  lying  only  slightly 
higher  in  elevation,  large  trees,  to 
four  feet  DBH,  of  sweet  gum  were 
important.  Hackberry  was  relatively 
common  in  this  area.  The  lowland 
oak  type  was  important  in  several 
parts  of  the  floodplain  extending 
from  roughly  the  385-foot  contour 
to  about  the  400-foot  contour  where 
it  iutergraded  with  the  other  oak 
types.  The  lower-lying  areas  had 
trees  of  the  previously  listed  flood- 
plain  types  with  oil  marks  visible 
on  the  trunks  more  than  head  high. 
An  approximate  gradient  of  oak 
species  in  relation  to  decreasing 
amounts  of  flooding  would  be  pin 
oak-burr  and  swamp  white  oak-cher- 
rybark  and  Shumarcl’s  red  oak.  In- 
dividuals  of  pin,  burr,  and  Shumard 
over  four  feet  DBH,  and  of  the 
others  over  three  feet  DBH  were 
found  or  have  been  reported.  Shell- 
bark  hickory  is  found  locally  in  this 
type. 

Adjacent  to  Coffee  Creek  above 
the  380-foot  contour  in  the  narrower 
valley  of  its  upper  reaches  was  a 
hackberry-elm  type.  All  types  to 
the  west  of  the  road  and  bridge, 
both  upland  and  lowland,  were  much 
less  grand  in  size  of  tree  and  ap¬ 
peared  to  be  more  disturbed  than 
the  main  body  of  the  forest. 

Lindsey  (1962)  reported  31  tree 
species  on  the  floodplain  with  a  stand 
density  of  114  trees  per  acre  and  a 
stand  basal  area  of  199  square  feet 
per  acre.  The  equivalent  values  for 
the  upland  forest  were  31  species 
with  115  trees  per  acre  and  152 
square  feet  basal  area.  He  also  listed 
the  largest  individuals  encountered 
for  several  species  in  his  sample 
units  and  tabulated  the  size  classes 


of  the  several  species.  The  sizes  de¬ 
termined  in  the  present  study  gen¬ 
erally  agreed  with  those  of  Lindsey. 
Distinctly  larger  individuals  found 
were  sycamore,  65  inches  DBH  and 
pin  oak  52  inches  DBH.  A  Haga 
altimeter  reading  of  this  oak  gave 
a  height  of  115  feet.  Large  trees 
of  additional  species  were  honey 
locust,  55  inches ;  Kentucky  coffeee 
tree,  29  inches ;  tulip  tree,  38  inches 
(not  a  highly  unusual  size  for  this 
species  in  southern  Illinois)  ;  cherry- 
bark  oak,  34  inches ;  shingle  oak,  32 
inches;  overcup  oak,  46  inches;  and 
red  oak,  47  inches  DBH. 

The  several  forest  types  mapped 
are  based  on  estimates  of  floristic 
composition  of  tree  species,  ecolog¬ 
ical  structure  of  the  communities, 
topographic  (habitat)  relationships, 
and  to  a  slight  extent  physiognomy. 
They  are  subjective  segregates  which 
liave  been  described  to  represent  the 
nature  and  variation  of  the  present 
forest  cover  subject  and  not  subject 
to  the  several  consequences  of  flood¬ 
ing  in  the  areas  adjacent  to  the 
lower  Wabash  River.  Sharp  bound¬ 
ary  lines  are  not  evident.  A  con¬ 
tinuum  analysis  of  floristic  compo¬ 
sition  and  a  gradient  analysis  of 
environmental  factors  would  seem 
appropriate  to  the  areas.  The  forces 
making  for  stability  and  for  change 
in  the  forest  composition  have  yet 
to  be  delineated.  Windthrow  was 
evident  in  the  present  study.  The 
relatively  small  size  of  the  remnant 
stand  and  the  change  of  ecological 
relationships  through  predator  con¬ 
trol.  earlier  livestock,  and  other  hu¬ 
man  activities  suggest  that  the  for¬ 
est  may  be  altered  in  some  respects 
over  time.  The  favorable  combina¬ 
tion  of  climate,  soil,  and  highly 
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adapted  tree  species  should  sustain 
o  forest  of  exceptional  vigor  and  size 
for  the  predictable  future. 
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Abstract. — Sixteen  species  of  grasses 
are  recorded  for  the  first  time  from  Illi¬ 
nois;  eleven  of  these  seem  to  be  native 
members  of  the  Illinois  flora. 


Intensive  botanical  field  work  in 
Illinois  in  preparation  for  the  grass 
volumes  of  The  Illustrated  Flora 
of  Illinois  has  produced  a  startling 
number  of  grasses  heretofore  un¬ 
known  from  Illinois.  Some  of  these 
new  records  are  the  result  of  inten¬ 
sive  collecting  on  the  limestone  led¬ 
ges  of  southern  Illinois  by  the  junior 
author.  All  specimens  cited  are  de¬ 
posited  in  the  herbarium  of  South¬ 
ern  Illinois  University  (SIU)  ex¬ 
cept  Panicum  albemarlense  which 
is  at  the  Missouri  Botanical  Garden 
(MO).  Sixteen  grasses  are  recorded 
as  new  from  Illinois. 

Bromus  erectus  Huds.  This  brome 
grass,  a  native  of  Europe,  was  found 
along  a  railroad  near  Bond  and  26th 
Streets  in  East  St.  Louis,  St.  Clair  Coun¬ 
ty,  on  July  17,  1964  (R.  H.  Mohlenbrock 
14226).  The  narrow,  erect  inflorescence 
and  the  narrow  blades  serve  to  distin¬ 
guish  this  species. 

Festuca  arunclinacea  Schreb.  Some¬ 
times  considered  a  variety  of  F.  elatior, 
this  taxon  is  distinguished  by  its  fewer- 
flowered  inflorescence  and  smaller  lem¬ 
mas.  Several  plants  occur  along  Illinois 
Route  13  in  Jackson  County  between 
Murphysboro  and  Carbondale  (August 
9,  1965,  R.  H.  Mohlenbrock  14302),  where 
they  may  have  been  planted  by  the  Illi¬ 
nois  Division  of  Highways. 

Eragrostis  neomexicana  Vasey.  This 
robust  native  of  the  southwestern  United 
States  was  found  within  one-eighth  of  a 
mile  of  Bromus  erectus  along  a  railroad 
near  26th  and  Bond  Streets  in  East  St. 
Louis,  St.  Clair  County,  on  July  17,  1964 


(R.  H.  Mohlenbrock  14222).  Although 
somewhat  resembling  E.  pectinacea  and 
E.  diffusa,  it  differs  from  both  by  its 
longer  lemmas  and  longer  second  glumes. 

Poa  autumnalis  Muhl.  Several  interest¬ 
ing,  rare  species  of  vascular  plants  have 
been  discovered  in  the  mesic  wooded 
valleys  of  Pope  County  in  extreme  south¬ 
eastern  Illinois.  Now,  another  bluegrass, 
Poa  autumnalis,  may  be  added  to  the 
flora.  Several  plants  were  found  growing 
in  the  vicinity  of  the  stream  which  flows 
through  Jackson  Hollow,  one  mile  west 
of  the  Zion  Methodist  Church.  The 
plants  were  discovered  March  28,  1963. 
(R.  H.  Mohlenbrock  11262),  and  were 
still  observed  on  June  11.  This  species 
has  been  found  previously  in  adjacent 
Indiana.  It  is  the  only  perennial  species 
of  Poa  in  Illinois  which  lacks  a  cob¬ 
webby  lemma.  This  species  is  listed  from 
Illinois  by  Hitchcock  (1935),  but  Jones, 
et  al.  (1955)  report  having  seen  no  speci¬ 
mens. 

Poa  interior  Rydb.  The  most  amazing 
grass  discovery  reported  in  this  paper 
is  that  of  the  inland  bluegrass,  Poa 
mterior.  Apparently  the  nearest  station 
to  the  Illinois  locality  is  in  Michigan.  A 
single  specimen  was  found  near  the 
top  of  a  dry,  rocky  slope  along  Piney 
Creek  in  Randolph  County,  about  five 
yards  west  of  the  Jackson  County  line 
(May  29,  1965,  R.  H.  Mohlenbrock  14101). 
This  species  seemingly  is  nearest  P. 
palustris,  a  decumbent  species  of  moist 
situations  with  a  much  larger  panicle. 

Hordeum  nodosum  L.  This  western 
meadow  barley  has  been  introduced 
sparingly  in  the  eastern  United  States. 
One  such  locality  is  3 44  miles  west  of 
Carbondale  and 44  mile  north  of  Chautau¬ 
qua  Road,  on  the  John  Voigt  property, 
Jackson  County,  May  30,  1965  (J.  W. 
Voigt  s.n.). 

Anthoxanthum  aristatum  Boiss.  This 
is  an  adventive  species  from  Europe 
which  has  become  established  in  various 
areas  throughout  eastern  North  Amer¬ 
ica.  It  differs  from  A.  odoratum  by  its 
smaller,  paler  spikelets,  its  glabrous 
glumes,  and  its  short  annual  habit.  It 
was  found  along  a  railroad  in  Rock  Is- 
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land  (Rock  Island  County)  on  August 
18,  1963,  by  R.  H.  Mohlenbrock  1313^). 

Digitaria  viliosa  (Walt.)  Pers.  This 
species  is  similar  to  D.  fiiliformis  and  is 
considered  to  be  a  variety  of  it  by  some 
authors.  Digitaria  viliosa ,  however,  gen¬ 
erally  is  more  robust  and  has  more 
pubescence  on  the  glumes  and  sterile 
lemma.  A  specimen  was  collected  in 
sandy  soil  at  Giant  City  State  Park  in 
Jackson  County  on  July  31,  1964,  by 
R.  H.  Mohlenbrock  (13717).  It  was  grow¬ 
ing  with  Cycloloma  atriplicifolia. 

Panicum  albemarlense  Ashe.  A  speci¬ 
men  of  this  gray  species  has  been  found 
in  the  herbarium  of  the  Missouri  Botan¬ 
ical  Garden,  annotated  by  Hitchcock  and 
Chase.  The  collection  data  read:  abun¬ 
dant  on  the  margins  of  wet,  peaty  mead¬ 
ows,  Saline  Township,  Kankakee  Coun¬ 
ty,  September  6,  1936,  R.  A.  Schneider 
lri  7.  There  are  reasons,  however,  to 
question  the  validity  of  recognizing  this 
species  as  specifically  distinct  from  P. 
meridionale. 

Panicum  ashei  Pearson.  The  overall 
range  of  this  species  includes  Illinois, 
but  the  senior  author’s  collection 
(12900)  from  a  dry  woodland  in  Giant 
City  State  Park  (Jackson  County,  near 
the  stonefort,  July  26,  1964)  apparently 
is  the  first  record  for  the  state.  There 
is  some  evidence  that  this  taxon  is  best 
treated  as  a  variety  of  P.  commutatum. 

Panicum  helleri  Nash.  On  May  25,  1962, 
J.  Ozment  &  W.  Crews  (791)  discovered 
this  species  on  an  exposed  limestone 
ledge  on  top  of  a  cliff  two  miles  north 
of  Prairie  du  Rocher  in  Randolph  Coun¬ 
ty.  This  collection  matches  well  other 
material  of  P.  helleri  at  the  Missouri 
Botanical  Garden.  The  species  is  re¬ 
ported  from  western  Missouri  to  Lou¬ 
isiana,  Texas,  and  New  Mexico.  The 
Illinois  collection  extends  the  range  of 
P.  helleri  to  the  northeast. 

Panicum  longifolium  Scrib.  A  clump 
of  this  species  was  discovered  growing- 
on  a  rocky  ledge  in  a  wooded  ravine 
on  top  of  limestone  cliff  at  Fults,  in 
Monroe  County,  on  October  25,  1962,  by 
J.  Ozment,  R.  Mohlenbrock,  &  W.  Crews 
(12799).  The  range  of  this  species,  as 
given  by  Fernald  (1950),  is  “Fla.  to 
Tex.  north  through  Ky.  and  s.  O.  to 
Nova  Scotia.”  Thus  the  Illinois  collec¬ 
tion  marks  a  northwest  extension  in  the 
range  of  this  grass. 

Panicum  malacophyllum  Nash.  This 
species  was  collected  by  J.  Ozment  (1071) 
on  an  exposed  ledge  on  top  of  the  Devil’s 
Bake  Oven,  a  Devonian  limestone  rock 
jutting  out  over  the  Mississippi  River 


one  mile  north  of  Grand  Tower,  Jackson 
County.  The  specimen  was  in  the  autum¬ 
nal  phase,  collected  July  21,  1963.  The 
species  is  known  from  Tennessee  and 
Missouri  to  eastern  Kansas  and  Texas. 

Panicum  nitidum  Lam.  A  specimen 
of  this  southern  grass  was  found  by 
J.  Ozment  (960)  on  the  xeric  top  of  the 
Devil’s  Backbone,  Jackson  County,  on 
July  3,  1963.  Our  material  is  var.  niti¬ 
dum,  which  has  been  found  in  Carter 
County  in  southeastern  Missouri  (Ste- 
yermark,  1963),  but  which  otherwise 
is  not  known  north  of  Louisiana;  the 
range  of  the  species  is  Florida  to  Texas, 
north  to  Virginia  and  Missouri. 

Panicum  subvillosum  Ashe.  Although 
Kibbe  (1952  )  has  reported  this  species 
from  Hancock  County,  no  specimens 
from  this  county  have  been  found  to 
verify  its  occurrence  there.  However, 
the  junior  author,  while  collecting  in  a 
sandy  field  north  of  Barrington,  Lake 
County,  August  4,  1964  (number  2862), 
found  a  small  colony  of  Panicum  sub- 
villosum.  While  resembling  P.  meridion¬ 
ale  and  P.  implicatum,  the  Illinois  speci¬ 
mens  are  distinguished  by  their  longer 
spikelets. 

Panicum  scoparioides  Ashe.  Within 
one  mile  of  the  first  Illinois  station  for 
P.  subvillosum,  the  junior  author  found 
several  tufts  of  P.  scoparioides.  The  sta¬ 
tion  was  iy2  miles  northwest  of  Bar¬ 
rington  in  an  open,  dry  field  (August  4, 
1964,  J.  Ozment  2871).  All  specimens 
had  culms  which  were  sparsely  papil¬ 
lose-hispid. 
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FLOWERING  PLANTS  NEW  TO  ILLINOIS 


ROBERT  H.  MOHLENBROCK  and  JAMES  E.  OZMENT 

Southern  Illinois  University 


Abstract. — Eleven  species  of  vascular 
plants  are  reported  from  Illinois  for  the 
first  time.  In  addition,  Ilex  decidua  f. 
aurantiaca  is  described  for  the  first  time. 


This  paper  reports  eleven  species 
of  vascular  plants  for  the  first  time 
from  Illinois  and  one  form  new  to 
science.  Some  of  these  species  are 

the  result  of  intensive  field  work  bv 

•/ 

students  and  staff  of  Southern  Illi¬ 
nois  University ;  several  others  were 
discovered  in  various  herbaria  by 
the  senior  author  in  preparation  of 
the  monocot  volumes  of  The  Illus¬ 
trated  Flora  of  Illinois  project.  All 
specimens  are  deposited  either  in  the 
herbarium  of  Southern  Illinois  Uni¬ 
versity  (SIU)  or  the  Missouri  Bo¬ 
tanical  Garden  (MO). 

Habenaria  orbiculata  (Pursli)  Torr. 
This  species  is  attributed  to  Kane  Coun¬ 
ty,  Illinois,  by  Ames  (1924),  but  Jones, 
et  al.  (1955),  having  seen  no  Illinois 
material,  comment  that  the  species  prob¬ 
ably  does  not  occur  in  Illinois.  A  George 
Vasey  collection  from  Elgin,  Kane  Coun¬ 
ty,  has  been  discovered  in  the  French 
collection  on  deposit  in  the  herbarium 
of  Southern  Illinois  University.  Thus 
this  orchid  with  handsome  round  leaves 
apparently  occurred  at  one  time  in  Illi¬ 
nois. 

Malaxis  brachypoda  (Gray)  Fern.  This 
tihy  Adder’s-mouth  Orchid  generally 
ranges  to  the  north  of  Illinois.  Jones 
(1945,  1950)  and  Jones,  et  al.  (1955)  do 
not  list  it  from  Illinois,  although  Fern- 
aid  (1945),  in  his  attack  upon  Jones’ 
Flora  of  Illinois  (1950),  mentions  this 
species  as  occurring  in  Illinois.  There 


is  in  the  herbarium  of  the  Missouri 
Botanical  Garden  a  specimen  of  this  or¬ 
chid  collected  by  George  Vasey  from  a 
bog  in  northern  Illinois.  Although  no 
county  is  indicated,  the  likelihood  is  that 
the  plant  was  found  in  McHenry  Coun¬ 
ty,  where  Vasey  did  much  of  his  collect¬ 
ing  and  where  bogs  did  exist  in  Vasey’s 
time. 

Uorallorhiza  trifida  Chat.  Higley  and 
Raddin  first  reported  this  orchid  (as 
C.  innata)  from  Cook  County  (South 
Chicago)  in  1891  based  on  a  specimen 
which  they  note  is  deposited  in  the 
University  of  Chicago  herbarium.  Jones, 
et  al.  (1955)  report  that  no  Illinois 
specimens  of  this  orchid  are  in  that 
herbarium.  Kibbe  (1952)  reports  a  Mead 
collection  from  Hancock  County  as  C. 
trifida.  Jones,  et  al.  (1955)  question  the 
identification  of  this  fragmentary  speci¬ 
men  and  indicate  that  it  may  actually 
represent  C.  odontorrhiza.  An  Illinois 
specimen  of  C.  trifida  occurs  in  the 
herbarium  of  the  Missouri  Botanical 
Garden.  It  was  collected  May  10,  1897, 
by  J.  Kellogg  from  a  hillside  in  St. 
Clair  County.  Since  the  range  of  this 
species  includes  Indiana  and  Missouri, 
the  occurrence  in  Illinois  is  somewhat 
expected.  The  Illinois  specimen  is  re¬ 
ferred  to  var.  verna  (Nutt.)  Fern. 

Arum  exotieum  L.  This  cultigen  of 
the  Araceae  has  been  collected  as  an 
escape  from  cultivation  in  Thompson’s 
Woods  on  the  campus  of  Southern  Illi¬ 
nois  University,  Carbondale,  Jackson 
County,  by  the  senior  author  (in  1963). 
The  specimens  have  persisted  in  this 
woodland  since  at  least  1958. 

Allium  schoenoprasum  L.  The  culti¬ 
vated  chives  is  an  infrequent  escape 
from  cultivation.  One  clump  of  this 
species  has  persisted  for  three  years  at 
the  edge  of  a  vacant  field  near  the  cor¬ 
ner  of  Freeman  Street  and  Emerald 
Lane  in  Carbondale,  Jackson  County. 
The  collected  specimen  is  Mohlenbrock 
14211. 
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Plantago  rhodospermci  Dene.  This  ad- 
ventive  resembles  P.  virginica,  except  for 
its  pointed  sepals,  red  seeds,  and  toothed 
leaves.  The  collection  reported  is  G. 
Zelnick  s.n.,  from  a  field  at  Crab  Orchard 
Wildlife  Refuge,  Williamson  County. 
This  species  has  recently  been  reported 
for  the  first  time  from  Kentucky  (Moh- 
lenbrock,  Windier,  and  O’dell,  in  press). 

Oenothera  serrulata  Nutt.  This  species 
is  adventive  in  Illinois  where  several 
plants  were  found  growing  in  a  field  in 
Willisville,  Randolph  County,  by  G. 
Rednour  on  May  23,  1965.  This  is  the 
only  representative  of  subgenus  Caly- 
lophis  in  Illinois.  It  occurs  as  a  native 
species  in  the  neighboring  states  of 
Wisconsin  and  Missouri  (Pernald,  1950)" 

Corydalis  halei  (Small)  Fern.  & 
Schub.  This  Coastal  Plain  species  had 
previously  been  recorded  inland  as  far 
as  Scott  and  Stoddard  counties  in  south¬ 
eastern  Missouri  (Steyermark,  1963). 
It  may  now  be  added  to  the  Illinois 
flora  on  the  basis  of  a  specimen  collected 
in  a  fallow  field  near  the  base  of  a  lime¬ 
stone  cliff  one  mile  south  of  Fults  in 
Monroe  County  by  J.  Ozment  (s.n.),  on 
April  23,  1965.  This  species  is  similar 
to  G.  micrantha  from  which  it  differs 
by  its  elevated  terminal  raceme  and  its 
larger  capsules. 

Veronica  hederaefolia  L.  This  speed¬ 
well,  with  its  broad  leaves  and  shallowly 
lobed  capsules,  grows  in  great  abun¬ 
dance  at  the  base  of  the  northeast  end 
of  Devil’s  Backbone,  a  Devonian  lime¬ 
stone  outcrop  one  mile  north  of  Grand 
Tower,  Jackson  County.  It  was  collected 
by  J.  Ozment  (s.n.)  on  April  3,  1965. 
Fernald  (1950)  attributes  this  species 
to  “N.Y.  and  0.  to  N.C.” 

Xyris  carolinia?ia  Walt.  A  previously 
overlooked  collection  of  this  Yellow¬ 
eyed  Grass  from  Illinois  has  been  dis¬ 
covered  in  the  herbarium  of  the  Mis¬ 
souri  Botanical  Garden.  Unfortunately, 
the  data  are  incomplete,  with  only  the 
collector,  M.  Gandoger,  and  the  date, 
1904,  indicated.  There  are,  however, 
several  other  Gandoger  collections  of 
other  species  in  the  Missouri  Botanical 
Garden  herbarium  from  northern  Illi¬ 
nois,  so  that  the  Xyris  specimen  is  prob¬ 
ably  from  the  northern  tip  of  the  state. 
This  species  has  been  collected  in  ad¬ 
jacent  northern  Indiana. 

Aster  texanus  Burgess.  An  aster  ap¬ 
pearing  intermediate  between  A.  sagitti- 
folius  and  A.  drummondii  was  discov¬ 
ered  in  the  hill  prairie  on  the  limestone 
bluff  at  Valmeyer,  Monroe  County,  on 
September  29,  1962,  by  J.  Ozment  (810). 


Careful  checking  in  the  manuals  proved 
this  species  to  be  A.  texanus.  The  gen¬ 
eral  range  for  this  species  usually  is 
given  as  western  Kentucky  to  Kansas 
south  to  Texas  and  Louisiana. 

Ilex  decidua  Walt.  f.  aurantiaca  Mohl. 
&  Ozment,  forma  nova.  Differt  a  typo 
drupis  aurantiacis. 

Type:  Mohlenhrock  &  Ozment  15101}. 

For  several  years,  the  authors  have 
observed  a  few  orange-fruited  plants  of 
Ilex  decidua  growing  among  typical  red- 
fruited  plants.  Four  of  these  plants 
have  been  found,  limited  to  a  two-mile 
strip  east  of  Illinois  Route  3  south  of 
the  village  of  Rockwood.  On  January 
14,  1965,  collections  were  made  from 
these  four  plants.  Locality  data  follow: 

Specimen  1.  0.2  miles  south  of  the 
city  limits  of  Rockwood,  along  Illinois 
Route  3.  Near  base  of  slope,  bordering 
previously  used  hog  lot.  Some  of  the 
stems  reached  15  feet  in  height;  branch- 
lets  possessed  short  spurs.  ( Mohlenhrock 
ct  Ozment  15101). 

Specimens  2  and  3.  Thirty  yards  south 
of  specimen  one.  Identical  with  speci¬ 
men  one  except  short  spurs  lacking. 
(Mohlenhrock  &  Ozment  15102,  15103). 

Specimen  4.  2.2  miles  south  of  the  city 
limits  of  Rockford  along  Illinois  Route 
3.  On  slope.  Growing  beside  a  red-fruited 
specimen.  ( Mohlenhrock  &  Ozment 
15101}). 

Orange-fruited  specimens  have  never 
been  observed  by  the  authors  at  any 
other  station  in  the  range  of  Ilex  deci¬ 
dua.  There  are  apparently  no  reports 
of  orange-fruited  forms  in  the  litera¬ 
ture.  A  search  of  the  specimens  of  Ilex 
decidua  in  the  herbarium  of  the  Mis¬ 
souri  Botanical  Garden  has  revealed  no 
indication  of  orange-fruited  specimens 
occurring. 

Of  the  Ilex  decidua  plants  which  oc¬ 
cur  in  the  two-mile  strip  south  of  Rock¬ 
wood,  the  red-fruited  ones  have  drupes 
8. 0-8. 7  mm  in  diameter,  while  the 
orange-fruited  ones  have  drupes  6. 6-8.0 
mm  in  diameter.  In  either  case,  how¬ 
ever,  each  drupe  contains  3-4  seeds. 

There  seems  to  be  no  major  difference 
in  characters  of  the  leaves  or  flowers. 
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NEWS  AND  COMMENTS 


I  clo  not  keep  iny  copies  of  The 
New  Yorker  magazine  —  a  double 
virtue ;  once  read,  tliey  go  on  to 
other  readers  and  do  not  acculmu- 
late  in  great  stacks  in  the  garage. 
Consequently,  I  cannot  cite,  in  de¬ 
tail,  some  of  the  remembered  articles 
on  science.  Nonetheless,  I  think  a 
good  case  could  be  made  for  calling 
The  New  Yorker  a  worthwhile  sci¬ 
ence  magazine.  I  like  to  think  of  it 
as  giving  us  the  living,  personal,  and 
practical  side  of  science  along  with 
facts  and  concepts  that  are  im¬ 
measurably  better  presented  than  in 
some  textbooks  and  monographs. 

This  love  affair  with  The  New 
Yorker  is  not  a  new  infatuation. 
In  the  years  long  past  when  I  start¬ 
ed  writing  my  Ph.D.  dissertation, 
my  major  professor  admonished  me 
properly  by  saying  “Read  The  New 
Yorker  and  learn  what  a  sentence 
is.”  A  friend  provided  me  with  a 
three-foot  stock  of  back  copies  and 
I  was  on  my  wa y. 

Is  there  a  copy  in  which  some¬ 
where  there  was  not  some  science  to 
make  you  glad  you  didn’t  miss  the 
issue  ?  If  so,  reread  the  cartoons 
and  forget  the  question. 

I  remember  some  outstanding  top¬ 
ics  and  articles:  diamonds  (10  is¬ 
sues,  if  I  recall),  “Silent  Spring,” 
oranges,  “The  Sea  Around  Us,” 
physics,  Rouche  and  Microbilogy, 
ornithologists,  botanists,  and  Alan 
Mooreheacl ’s  wonderful  paragraph 
on  killing  snakes.  I  cannot  recall 
any  articles  on  statistics  or  genetics 
— testimony,  I  suspect,  that  lets  us 


know  that  not  even  The  New  Yorker 
could  make  those  two  fields  pleasant 
reading. 

Science  is  getting  too  darned  com¬ 
plicated.  In  an  earlier  issue,  you  no 
doubt  noticed  papers  that  included 
“programs”  for  numerical  solution 
of  problems  with  the  use  of  com¬ 
puters.  These  programs  were  set 
by  the  printer  from  copy  supplied 
by  a  computer. 

With  the  need  to  publish  “pro¬ 
grams”  as  a  part  of  scientific  liter¬ 
ature  and  a  desire  to  steal  a  little 
glory  from  the  Journal  of  Compu¬ 
tational  Physics,  I  favored  trying 
the  idea.  Needless  to  say,  editorial 
problems  arose  and,  I  think,  were 
resolved. 

As  Editor,  I  have  tried  to  have 
the  Transactions  come  out  on  time. 
I  can  say  that  the  Printer  has  cer¬ 
tainly  done  his  part  in  making  such 
an  effort  successful.  A  few  times  cir¬ 
cumstances,  such  as  the  Christmas 
mail  glut,  have  thwarted  our  best  in¬ 
tentions.  However,  it  seems  likely 
that  a  combination  of  circumstances 
beyond  the  control  of  Editor  and 
Printer  are  going  to  cause  some  de¬ 
lays  in  the  appearance  of  this  and 
the  next  two  issues.  Therefore,  do 
not  be  concerned  if  your  copy  ar¬ 
rives  late.  Eventually,  unless  you 
are  delinquent  in  paying  your  an¬ 
nual  dues,  all  copies  will  get  to  you. 

Next  year  Illinois  will  celebrate 
and  honor  our  one  hundred  and 
fifty  years  of  statehood.  The  Conn- 

c / 
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cil  of  the  Academy  has  approved 


devoting1  the  third  issue  of  1968  to 
recognition  of  the  Illinois  Sesqui- 
centennial  by  publishing  articles  de¬ 
voted  to  the  history  of  Science  in 
Illinois.  Some  articles  will  be  on 
men  and  their  works.  Others  will 


be  on  institutions.  Some  will  re¬ 
view  fields  of  interest.  Do  your 
part.  If  you  have  something  to  con¬ 
tribute,  don’t  hesitate  to  present  a 
paper.  Such  articles  must  be  in  the 
Editor’s  hands  by  April  1,  1968,  at 
the  latest  ;  earlier  would  be  better. 


NOTES 


CRESTING  IN  ILLINOIS  FERNS 


ROBERT  H.  MOHLENBROCK  and  STEVE  L.  WUNDERLE 
Southern  Illinois  University ,  Carbondale  and 
Winston  Churchill  College,  Pontiac 


Abstract. — Five  crested  forms  of  ferns 
are  reported,  four  for  the  first  time 
from  Illinois. 


The  phenomenon  of  forking  in  ferns, 
known  as  cresting,  has  been  discussed 
by  various  authors,  notably  Tryon 
(1938)  and  Wagner  (1966).  Tryon 
(1938)  reported  cresting  in  12  species 
of  ferns,  and  described  the  various 
forms  of  cresting  known.  Fernald  (1950) 
reported  an  additional  eight  species  of 
ferns  showing  forking.  Most  of  these 
plants  have  been  given  forma  epithets, 
but  Wagner  (1966)  suggests,  on  the 
basis  of  experimental  evidence,  that  it 
is  unwise  to  name  these  forms. 

Heretofore,  cresting  has  been  reported 
in  only  one  fern  from  Illinois,  although 
of  the  known  Illinois  ferns,  19  have 
been  known  to  exhibit  cresting.  Dryo- 
pteris  marginalis  f.  daveriportii  has 
been  reported  by  Mohlenbrock  (1965) 
from  Pope  County. 

Exploration  for  plants  in  southern 
Illinois  not  only  resulted  in  the  discov¬ 
ery  of  a  second  station  for  D.  marginalis 
f.  davenportii,  but  also  the  discovery  of 
four  additional  crested  forms. 

Two  specimens  of  Dryopteris  margin¬ 
alis  (L.)  Gray  forma  davenportii 
(Floyd)  A.  R.  Prince  have  been  found 
in  Illinois,  both  from  Pope  County. 
The  first  specimen  was  found  in  1959 
at  Dixon  Springs  State  Park,  growing 
from  the  crevice  of  a  huge  sandstone 
boulder  in  a  mesic  woods.  Of  the  six 
fronds  possessed  by  the  plant,  only  two 
exhibited  cresting.  In  all  other  respects, 


the  specimen  appeared  to  be  typical  for 
Dryopteris  marginalis.  The  specimen, 
R.  Ii.  Mohlenbrock  s.  n.,  is  in  the  SIU 
herbarium.  The  second  specimen  of 
forma  davenportii  was  found  growing 
from  a  crevice  on  a  small  sandstone 
boulder  at  Bell  Smith  Springs  (SE,  NW, 
NE,  Section  33,  T  11  S,  R  5  E,  Union 
Township),  near  Eddyville,  on  August 
26,  1966.  The  plant  possessed  only  four 
fronds  of  which  one  exhibited  forking 
of  equal  dichotomy.  The  specimen,  S.  L. 
Wunderle  663,  is  in  the  Winston  Chur¬ 
chill  College  herbarium. 

A  specimen  of  Polystichum  acrosti- 
choides  (Michx.)  Schott  forma  cristatum 
Clute  has  been  discovered  filed  in  the 
herbarium  of  Southern  Illinois  Univer¬ 
sity.  It  had  been  collected  in  Union 
County,  at  Bald  Knob,  November  5,  1921, 
by  Mary  Steagall,  a  former  staff  member 
at  Southern  Illinois  University.  The 
forked  frond  of  the  specimen  is  not 
dichotomously  forked  since  the  upper 
shank  is  larger  than  the  lower. 

On  July  22,  1966,  a  crested  form  of 
Asplenium  pinnatifidum  Nutt,  was  dis¬ 
covered  at  Bell  Smith  Springs  (SW, 
SW,  SW,  Section  34,  Union  Township) 
in  Pope  County.  It  was  found  growing 
under  a  shallow  sandstone  overhang. 
The  habitat  under  the  overhang  was 
moist  and  several  typical  plants  of 
Asplenium  pinnatifidum  were  found. 

Asplenium  pinnatifidum  exhibits  great 
variation  of  leaf  forms.  Mohlenbrock 
(1956)  reported  the  occurrence  of  a 
form  with  greatly  reduced  laminae.  The 
specimen  found  on  July  22,  1966,  how- 
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ever,  hacl  one  frond  that  showed  crest¬ 
ing  (Fig.  1).  The  plant  shows  an  ex¬ 
tremely  deep  form  of  leaf-cutting  of 
equal  dichotomy  with  both  shanks  of 
the  fork  curving  inward  and  exhibiting 
equal  size.  The  crested  form  of  A.  pin- 
natifidum  lias  apparently  never  been 
given  an  epithet.  The  collection  data 
for  the  Illinois  specimen  are:  sandstone 
boulder,  Bell  Smith  Springs,  July  22, 


1966,  8.  L.  Wunderle  661  (specimen  in 
the  Winston  Churchill  herbarium). 

A  fourth  species  observed  which  ex¬ 
hibited  forking  was  the  walking  fern 
Asplenium  rhizophyllum  L.  This  speci¬ 
men  (Fig.  2)  was  found  growing  in  a 
large  colony  of  walking  ferns  on  a 
small,  moss  covered,  east-facing  sand¬ 
stone  boulder  in  a  mesic  valley  at  Bell 
Smith  Springs  (SE,  NW,  NE,  Section 


Figure  1. — Crested  form  of  Asplenium 
pinnatifidum  (Wunderle  661)  from  Pope 
County,  Ilinois. 


Figure  2. — Crested  form  of  Asplenium 
rhizophyllum  (Wunderle  662)  from  Pope 
County,  Illinois. 
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33,  Union  Township),  near  Eddyville, 
on  August  26,  1966.  The  colony  of  walk¬ 
ing  ferns  was  approximately  20  feet 
away  from  a  large  boulder  covered  with 
fragile  fern  (Cystopteris  fragilis  (L.) 


Figure  3. — Crested  form  of  Athyrium 
filix-femina  (Hopkins,  Schwegman,  & 
Mohlenbrock  14121)  from  Pope  County, 
Illinois. 


Bernh.),  marginal  fern  (Dryopteris 
marginalis  (L.)  Gray),  maidenhair 
spleenwort  (Asplenium  trichomanes  L.), 
a  colony  of  shining  clubmoss  (Lycopo¬ 
dium  lucidulum  Michx.),  partridge- 
berry  (Mitchella  repens  L.),  and  numer¬ 
ous  bryophytes.  The  forked  specimens 
show  Y-shaped  forks  of  equal  dichotomy 
with  the  shanks  widely  spreading  and 
of  equal  size. 

Asplenium  rhizophyllum  often  shows 
much  variation  in  leaf-cutting,  but 
crested  forms  are  seemingly  rare.  The 
Illinois  collection  is  S.  L.  Wunderle  662 
(in  Winston  Churchill  herbarium). 

An  extensive  colony  of  lady  fern 
(Athyrium  filix-femina  (L.)  Roth  var. 
rubellum  Gilb.)  growing  at  the  edge 
of  a  wooded  spring  marsh  was  half 
composed  of  specimens  which  exhibited 
extensive  cresting.  (Fig.  3)  This  crest¬ 
ing  was  not  confined  to  the  tip  of  the 
blade  but  to  most  or  all  of  the  pinnae. 
This  form  has  been  described  as  forma 
cristatum  (Hopkins)  Clute.  The  data 
for  the  collected  specimen  are:  wooded 
spring  marsh,  just  north  of  the  corners 
of  Sections  15,  16,  21,  22,  T  15S,  R  6  E, 
4  miles  west  of  Bay  City,  Pope  County, 
September  29,  1966,  W.  Hopkins,  J. 

Schwegman,  &  R.  Mohlenbrock  14121, 
deposited  in  SIU. 

The  illustrations  have  been  prepared 
by  Mr.  Kenneth  L.  Weik. 
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ADDITIONAL  FERN,  FERN-ALLIES  AND  MONOCOTS  TO 
THE  FLORA  OF  COLES  COUNTY,  ILLINOIS 


J.  E.  EBINGER 

Eastemi  Illinois  University,  Charleston 


Abstract. — An  examination  of  the 
herbarium  of  Eastern  Illinois  University 
and  collections  by  the  author  and  stu¬ 
dents  during  the  last  three  years  has 
yielded  89  species  of  ferns,  fern-allies 
and  monocots  not  previously  recorded 
for  Coles  County,  Illinois.  This  in¬ 
creases  the  total  number  of  ferns  and 
fern-allies  to  24  species  and  the  total 
monocots  to  222  species  for  the  area. 


The  total  reported  fern  and  fern- 
allies  for  Coles  County  was  15  species 
while  the  count  for  the  monocots  was 
142  according  to  the  data  compiled  by 
Jones  and  Fuller  (1955)  and  Winter- 
ringer  and  Evers  (1960). 

This  study  revealed  9  new  county 
records  of  ferns  and  fern-allies  and 
80  new  monocots.  This  present  increase 
resulted  from  recent  collections  by  the 
author  and  students  during  the  last 
three  years,  as  well  as  from  previously 
unreported  collections  in  the  Eastern 
Illinois  University  herbarium.  Many  of 
the  ferns  and  Cyperaceae  reported  here 
were  recently  annotated  by  Robert  H. 
Mohlenbrock  of  Southern  Illinois  Uni¬ 
versity. 

Some  of  the  early  collections  date  to 
1911,  and  recent  attempts  to  relocate 
some  of  these  species  have  been  unsuc¬ 
cessful.  In  particular,  many  of  the  col¬ 
lections  by  H.  C.  Sampson  represent 
the  only  specimens  of  these  species  col¬ 
lected  from  Coles  County.  Many  of  the 
other  species,  however,  are  common, 
but  have  been  previously  overlooked. 

The  species  followed  by  an  asterisk 
were  previously  reported  as  occurring 
in  Coles  County  by  Phipps  and  Speer 
(1958)  but  were  not  incorporated  into 
the  checklist  of  Winterringer  and  Evers 
(1960).  All  of  these  specimens  were 
collected  in  a  hillside  marsh  3V2  miles 
east  of  Charleston,  Illinois.  A  re-evalu- 
ation  of  the  collection  of  Phipps  and 


Speer  revealed  that  of  the  13  new  rec¬ 
ords  they  reported,  3  of  the  specimens 
were  identified  incorrectly.  Their  Bro¬ 
vins  raceviosa  is  a  small  specimen  of  the 
common  Brovins  covimntatus  while 
their  specimen  labeled  Carex  lacustris 
is  Carex  hyalinolepis,  which  is  a  new 
record  for  Coles  County,  and  Cyperus 
diandrus  should  be  referred  to  the  al¬ 
ready  reported  Cyperns  rivularis. 

The  checklist  which  follows  contains 
the  89  vascular  plants  that  have  not 
been  recorded  previously  for  Coles  Coun¬ 
ty.  Each  species  is  followed  by  a  brief 
note  concerning  the  habitat  in  which  it 
was  collected,  the  collector’s  name,  and 
field  number.  All  specimens  are  depos¬ 
ited  in  the  herbarium  of  Eastern  Illinois 
University. 

The  order  of  plant  families  and  the 
nomenclature  is  that  of  Jones  (1963). 

EQUISETACEAE 

Equisetum  hyemale  L.*  Edge  of  stream 
in  woods;  Phipps  &  Speer  31^9. 
Equisetum  variegatum  Schleich.  Moist 
soil  at  edge  of  railroad;  J.  L.  Burns 
278. 

OPHIOGLOSSACEAE 

Botrychium  dissectum  Spreng.  Dry 
rocky  woods;  C.  B.  Arzeni  s.n. 
Ophioglossum  vulgatum  L.  Open  woods; 
K.  E.  Damann  s.n. 

OSMUNDACEAE 

Osmunda  claytoniana  L.  Moist  woods; 
P.  M.  Sargent  s.n. 

POLYPODI  ACE  AE 

Athyrium  angustum  (Willd.)  Presl. 

Moist  woods;  K.  Becker  s.n. 

Athyrium  thelypterioides  (Michx.)  Desv. 

Moist  woods;  W.  C.  Whiteside  s.n. 
Camptosorus  rhizophyllus  (L.)  Link 
Moist  rocky  ledge;  K.  Becker  s.n. 
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MARSILEACEAE 

Marsilea  quadrifolia  L.  Introduced  into 
EIU  campus  pond  and  persisting; 
J.  E.  Ebinger  6839. 

ALISM  ACEAE 

Sagittaria  cuneata  Sheld.  Shore  of  lake; 
H.  F.  Thut  s.n. 

Sagittaria  latifolia  Willd.*  Hillside 
marsh;  Phipps  &  Speer  421. 

POTAMOG ETON ACEAE 

Potamogeton  crispus  L.  Submerged;  H. 
F.  Thut  s.n. 

LI  LI  ACEAE 

Allium  sativum  L.  Moist  soil  near  lake; 
E.  W.  Potter  38. 

Asparagus  officinalis  L.  Edge  of  railroad ; 
J.  L.  Burns  118. 

Erythronium  americanum  Ker.  Moist 
woods;  H.  C.  Sampson  480. 

Lilium  michiganense  Farw.  Dry  woods; 

Thut,  Pixley  &  McGinnis  s.n. 

Lilium  umbellatum  Pursh.  Edge  of  rail¬ 
road;  E.  L.  Stover  s.n. 

Ornithogalum  umbellatum  L.  Thut  & 
Stover  s.n. 

Smilax  lasioneura  Hook.  Woods;  Thut, 
Pixley  &  McGinnis  s.n. 

JUNCACEAE 

Juncus  biflorus  Ell.  Edge  of  pond;  J.  E. 
Ebinger  5804 • 

Juncus  nodatus  Coville.  Edge  of  pond; 
H.  G.  Sampson  548. 

Luzula  bulbosa  (Wood)  Rydb.  Dry 
woods;  E.  L.  Stover  s.n. 

AM  ARYLLI DACEAE 

Hypoxis  hirsuta  (L.)  Coville.  Dry 
woods;  E.  L.  Stover  sm. 

IRIDACEAE 

Iris  shrevei  Small.*  Hillside  marsh; 
Phipps  &  Speer  348. 

HYDROCH  ARITACEAE 

Elodea  occidentals  (Pursh)  St.  John. 
Submerged;  J.  E.  Ebinger  5872. 

ORCHIDACEAE 

Goodyera  pubescens  (Willd.)  R.  Br. 

Moist  woods;  B.  Leonard  s.n. 
Spiranthes  cernua  (L.)  Rich.  Meadow; 
H.  F.  Thut  s.n. 

ARACEAE 

Acorus  calamus  L.  Swamp;  R.  Reat  s.n. 

LEMNACEAE 

Lemna  minor  L.  Mud  flats  of  lake;  J.  E. 
Ebinger  6766. 


TYPHACEAE 

Typha  angustifolia  L.  Swamp  at  edge 
of  railroad;  J.  E.  Ebinger  6791. 

Typha  latifolia  L.*  Swamp  at  edge  of 
railroad;  J.  E.  Ebinger  6792. 

SPARGAN  I  ACEAE 

Sparganium  eurycarpum  Engelm.  Edge 
of  pond;  E.  L.  Stover  s.n. 

CYPERACEAE 

Bulbostylis  capillaris  (L.)  C.  B.  Clarke. 
Edge  of  railroad;  J.  E.  Ebinger  4210. 

Carex  albolutescens  Schw.  Edge  of 
pond;  J.  W.  Sij  47. 

Carex  bicknellii  Britt.  Prairie  at  edge 
of  railroad;  H.  C.  Sampson  216. 

Carex  brevior  (Dewey)  Mack.  Edge  of 
railroad;  E.  L.  Stover  s.n. 

Carex  convoluta  Mack.  Dry  woods;  W. 
C.  Whiteside  s.n. 

Carex  grayii  Carey.  Wet  woods  near 
lake;  J.  E.  Ebinger  4287. 

Carex  hyalinolepis  Steud.  Hillside 
marsh;  Phipps  &  Speer  389. 

Carex  hystricina  Muhl.*  Hillside  marsh; 
Phipps  &  Speer  s.n. 

Carex  muhlenbergii  Schk.*  Hillside 
marsh;  Phipps  &  Speer  363. 

Carex  normalis  Mack.  Edge  of  railroad; 
J.  E.  Ebinger  4258. 

Carex  retroffexa  Muhl.  Dry  woods;  H.  F. 
Thut  s.n. 

Carex  shortiana  Dewey.*  Moist  woods; 
Phipps  &  Speer  354- 

Carex  sparganioides  Muhl.  Edge  of  rail¬ 
road;  E.  L.  Stover  s.n. 

Carex  stricta  Lam.  Edge  of  stream;  E.  L. 
Stover  s.n. 

Carex  tenera  Dewey.  Prairie  at  edge  of 
railroad;  H.  C.  Sampson  213. 

Cyperus  acuminatus  Torr.  &  Hook.  Edge 
of  railroad;  E.  L.  Stover  s.n. 

Cyperus  aristatus  Rottb.  Moist  sand 
near  stream;  J.  E.  Ebinger  5081. 

Cyperus  densicaespitosus  Mattf.  &  Ku- 
kenth.  Sand  shore  of  river;  H.  C. 
Sampson  146. 

Cyperus  erythrorhizos  Muhl.  Mud  flats 
at  edge  of  lake;  J.  E.  Ebinger  5122. 

Cyperus  ferruginescens  Boeck.  Edge  of 
lake;  E.  L.  Stover  s.n. 

Cyperus  flavescens  L.  Sandy  shore  of 
river;  H.  C.  Sampson  145. 

Dulichium  arundinaceum  (L.)  Britt. 
Edge  of  river;  H.  Hoffman  s.n. 

Eleocharis  obtusa  (Willd.)  Schult.  Edge 
of  pond;  J.  E.  Ebinger  4666. 

Eleocharis  palustris  (L.)  R.  &  S.  Moist 
soil  near  railroad;  H.  C.  Sampson  153. 

Eleocharis  tenuis  (Willd.)  Schult.  Moist 
soil  near  railroad;  E.  L.  Stover  s.n. 
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Fimhristylis  autumnalis  (L.)  R.  &  S. 
Sandy  shore  of  river;  H.  C.  Sampson 
s.n. 

Hemicarplia  micrantha  (Valil)  Pax. 
Sandy  shore  of  river;  J.  E.  EMnger 

5083. 

Scirpus  americanus  Pers.  Edge  of 
stream;  H.  C.  Sampson  168. 

Scirpus  fluviatilis  (Torr.)  Gray.  Edge  of 
lake;J.  E.  EMnger  51,29. 

GRAM  I N  E  AE 

Aegilops  cylindrica  Host.  Edge  of  rail¬ 
road;  J.  E.  EMnger  5187. 

Agropyron  smithii  Rydb.  Edge  of  rail¬ 
road;  J.  E.  EMnger  5111. 

Bouteloua  curtipendula  (Michx.)  Torr. 
Edge  of  railroad;  W.  C.  Whiteside 
s.n. 

Brachyelytrum  erectum  (Schreb.) 
Beauv.  Moist  woods;  J.  E.  EMnger; 
5  SI,  6. 

Br omus  japonieus  Thunb.  Gravel  pit; 
W.  E.  McClain  119. 

Calamagrostis  canadensis  (Michx.) 
Beauv.  Moist  prairie;  H.  C.  Sampson 
316. 

Diarrhena  americana  Beauv.  Wet  woods; 
E.  L.  Stover  s.n. 

Digitaria  ischaemum  (Schreb.)  Muhl. 

Bank  of  river;  J.  E.  EMnger  1,203. 
Eragrostis  frankii  C.  A.  Mey.  Edge  of 
lake;  E.  L.  Stover  s.n. 

Eragrostis  hypnoides  (Lam.)  BSP.  Edge 
of  lake;  J.  E.  EMnger  1,208. 

Eragrostis  pectinacea  (Michx.)  Nees. 

Field;  J.  E.  EMnger  5851. 

Festuca  ovina  L.  Open  woods;  H.  F. 
Thut  s.n. 

Leersia  lenticularis  Michx.  Edge  of  lake; 
E.  L.  Stover  s.n. 

Lolium  perenne  L.  Field;  J.  E.  EMnger 

5833. 


Muhlenbergia  sylvatica  Torr.  Moist 
woods;  C.  R.  Leathers  s.n. 

Panicum  hoscii  Poir.  Woods;  E.  W.  Pot¬ 
ter  96. 

Panicum  leibergii  (Vasey)  Scribn.  Edge 
of  railroad;  H.  C.  Sampson  1,1,2. 
Panicum  oligosanthes  Schult.  Edge  of 
railroad;  J.  E.  EMnger  6108. 
Paspalum  geminum  Nash.  Edge  of  road; 
J.  E.  EMnger  6050. 

Paspalum  ciliatifolium  Michx.  Edge  of 
road;  E.  W.  Potter  115. 

Phalaris  arundinacea  L.  Edge  of  lake; 
J.  E.  EMnger  581,3. 

Phragmites  communis  Trin.  Edge  of  rail¬ 
road;  J.  L.  Burns  126. 

Secale  cereale  L.  Edge  of  road;  J.  E. 
EMnger  51,31. 

Sporobolus  heterolepis  Gray.  Edge  of 
railroad;  J.  E.  EMnger  1,215. 
Sporobolus  neglectus  Nash.  Edge  of 
railroad;  E.  L.  Stover  s.n. 

SporoOolus  vaginiflorus  (Torr.)  Wood. 

Edge  of  railroad;  J.  E.  EMnger  1,211,. 
Triticum  aestivum  L.  Edge  of  road;  J. 
E.  EMnger  1,1, 1,0. 

TJniola  latifolia  Michx.  Edge  of  lake; 
J.  E.  EMnger  1,238. 
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A  RECENT  COLLECTION  OE  B I  DENS  BECKII  TORE. 


IN  ILLINOIS 


BENJAMIN  L.  DOLBEARE 
Illinois  State  Museum,  Springfield 


Abstract. — -The  water  marigold  ( Bi- 
dens  beckii  Torr.),  last  reported  in  Illi¬ 
nois  in  1898,  was  recently  collected  in 
Grays  Lake,  August  4,  1966. 


Published  records  of  the  water  mari¬ 
gold,  B.  beckii  Torr.,  ( Megalodorita 
beckii  (Torr.)  Greene)  Compositae,  in 
Illinois  are  limited  to  those  in  Jones’ 
Flora  of  Illinois  (1963)  :  Cook  Co.,  1878; 
Lake  Co.,  1898,  collected  by  E.  J.  Hill. 
This  aquatic  plant  is  considered  extreme¬ 
ly  rare  in  this  area  and  its  recent  occur¬ 
rence  or  reappearance  in  heavily  popu¬ 
lated  northeastern  Illinois  is  discussed 
here. 

During  August,  1966,  the  author  col¬ 
lected  aquatic  plants  in  Grays  Lake, 
Lake  County,  under  auspices  of  the  Illi¬ 
nois  State  Museum  and  the  Illinois  De¬ 
partment  of  Conservation.  Bidens  beckii 
was  growing  approximately  three  and 
one-half  feet  from  a  bordering  stone 
wall  in  water  two  to  three  feet  deep. 
Collection  data  are  as  follows:  Grays 
Lake,  Lake  Co.,  Village  of  Grayslake, 
August  4,  1966,  B.  L.  Dolbeare  1018-1021 
and  Grays  Lake,  Lake  Co.,  Grayslake, 
August  11,  1966,  B.  L.  Dolbeare  1022  - 
1025.  All  specimens  are  in  the  Illinois 
State  Museum  herbarium. 

Plants  growing  in  association  with 
B.  beckii  were  Potamogeton  pectinatus 
L.,  Elodea  canadensis  Michx.,  Ranuncu¬ 
lus  longirostris  Godr.,  Myriophyllum 
spicatum  L.,  and  Naias  guadalupensis 
(Spreng.)  Magnus;  and  the  relatively 
rare  Potamogeton  friesii  Rupr.,  P.  rob- 
binsii  Oakes,  P.  zosteriformis  Fern.,  and 
Naias  marina  L.  (Winterringer  and 
Lopinot,  1966).  Other  plants  found  in 
the  lake,  but  not  in  immediate  associa¬ 


tion,  were  Nupliar  variegatum  Engelm., 
Nymphaea  tuberosa  Paine,  Pontederia 
cordata  L.,  Potamogeton  illinoensis 
Morong,  and  P.  richardsonii  (Benn.) 
Rydb.  The  locality  lies  in  the  morainal 
portion  of  Vestal’s  (1930)  Lake  County 
Grand  Prairie  biotic  division.  Grays 
Lake  has  a  maximum  depth  of  nineteen 
feet,  a  shoreline  of  one  and  nine-tenths 
miles  and  a  surface  area  of  sixty-five 
acres  (Illinois  Fishing  Guide,  1964). 

Since  this  aquatic  Bidens ,  in  vegetative 
condition,  resembles  certain  other  aquat¬ 
ic  plants  when  not  in  the  flowering- 
stage,  i.e.,  Myriophyllum  sp.  and  Ranun¬ 
culus  sp.,  it  is  perhaps  overlooked  by 
most  collectors.  The  emergent  yellow 
flower  and  lanceolate  leaves  and  the 
finely  dissected  submersed  leaves  are 
distinctive  (Winterringer  and  Lopinot, 
1966).  Further  collecting  in  lakes  and 
ponds  in  this  and  adjacent  areas  may 
reveal  other  populations. 
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THE  GENUS  OPUNTIA  (CACTACEAE)  IN  ILLINOIS 


R.  P.  WUNDERLIN 

Southern  Illinois  University 


Abstract. — The  genus  Opuntia  in  Illi¬ 
nois  is  discussed  with  verification  of 
the  occurrence  of  Opuntia  macrorhiza 
Engelm.  and  distributional  notes  on 
it  and  Opuntia  fragilis  (Nutt.)  Haw. 
and  Opuntia  compressa  (Salisb.)  Macbr. 


Three  species  of  Opuntia  have  been 
reported  to  occur  in  Illinois.  Opuntia 
compressa  (Salisb.)  Macbr.  ( 0 .  rafines- 
quii  Engelm.  0.  humifusa  Raf.,  of  autli.) 
is  locally  abundant  in  sandy  soil 
throughout  Illinois  (Fig.  1).  Distribution 
of  this  species  in  Illinois  is  occording 
to  Winterringer  and  Evers  (1960). 
Opuntia  fragilis  (Nutt.)  Haw.  is  known 
only  from  a  single  sight  record  by  H. 
A.  Gleason  at  Hanover,  Jo  Daviess  Coun¬ 
ty,  in  1910,  and  apparently  no  specimens 
were  preserved  (Jones  and  Fuller,  1955) 
(Fig.  1).  It  is  reported  from  British 
Columbia  eastward  to  Manitoba,  south 
to  Texas  and  Arizona.  Ugent  (1962)  de¬ 
scribes  its  occurrence  in  Wisconsin  as 
being  rare  though  locally  abundant  in 
central  and  northwestern  Wisconsin 
soils  derived  from  granite,  quartzite, 
and  sandstone.  It  is  conceivable  that 
this  plant  does  occur  in  northwestern 
Illinois  since  sand  prairies  or  sand  bar¬ 
rens,  a  suitable  habitat,  are  present 
there.  Opuntia  macrorhiza  Engelm.  (0. 
compressa  (Salisb.)  Macbr.  var.  macror¬ 
hiza  (Engelm.)  Benson,  of  auth.)  has 
been  reported  by  Benson  (1962)  as  oc¬ 
curring  in  northwestern  and  southern 
Illinois,  but  no  specimens  were  cited. 

In  the  light  of  the  circumstances  sur¬ 
rounding  the  reported  occurrence  of 
Opuntia  fragilis  and  Opuntia  macror¬ 
hiza,  it  is  a  matter  of  interest  to  be 
able  to  verify  the  presence  of  Opuntia 
macrorhiza  and  to  present  some  remarks 
about  its  occurrence  in  Illinois. 

The  author  has  recently  found  Opun¬ 
tia  macrorhiza  associated  with  Monarda 
punctata  L.,  Ambrosia  coronopifolia  T. 
&  G.,  Lespedeza  capitata  Michx.,  Koele- 
ria  cristata  (L.)  Pers.,  Callirhoe  tri¬ 


angulates  (LeavenwJ  Gray.  Helianthus 
petiolaris  Nutt.,  Chenopodium  prateri- 
cola  Rydb.,  Stipa  spartea  Trim,  Andro- 
pogon  scoparius  Michx.,  Coreopsis  palm- 


Figure  1. — Distribution  of  the  species 
of  Opuntia  in  Illinois  by  counties  (9 
O.  compressa ;  X  =  0.  macrorhiza ; 
0  =  0.  fragilis). 
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atci  Nutt.,  and  Tephrosia  virginiana  (L.) 
Pers.  var.  holosericea  (Nutt.)  T.  &  G. 
in  a  sand  prairie  two  miles  south  of 
Thomson,  Whiteside  County,  Illinois, 
where  it  was  fairly  abundant  (Fig.  1). 

Opuntia  macrorliiza  is  primarily  dif¬ 
ferentiated  from  Opuntia  compressa  by 
having  thickened  tuberous  roots  in  ad¬ 
dition  to  fibrous  ones  and  by  forming 
large  circular  mats  1-2  meters  in  di¬ 
ameter.  Opuntia  compressa  possesses 
fibrous  roots  only  and  grows  irregularly 
over  large  areas.  Opuntia  macrorliiza 
is  said  to  have  seeds  with  much  broader 
margins  than  Opuntia  compressa ,  but 
this  character  is  not  often  distinct 
enough  to  differentiate  between  the 
two  species.  The  Illinois  plants  examined 
have  seeds  slightly  larger  than  those 
reported  for  Opuntia  compressa  (ca. 
0.5  mm)  and  smaller  than  those  re¬ 
ported  for  Opuntia  macrorliiza  (ca.  1.0 
mm). 

The  occurrence  of  this  western  rang¬ 
ing  species  in  northwestern  Illinois  is 
understandable  in  as  much  as  the  hab¬ 
itat  requirements  are  present  there. 
This  species  has  been  reported  from 
southwestern  Wisconsin  by  Ugent  (1962) 
in  sand  areas  possessing  a  flora  very 
similar  to  that  associated  with  the 
species  in  Illinois. 
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Opuntia  macrorliiza  may  be  more 
common  than  is  realized  in  northwest¬ 
ern  Illinois  and  may  be  present  in 
southern  Illinois  as  indicated  by  Ben¬ 
son,  but  it  has  not  been  distinguished 
from  Opuntia  compressa  in  herbarium 
material  due  to  incomplete  specimens. 

The  following  collections  are  deposited 
in  the  herbarium  at  Southern  Illinois 
University: 

WHITESIDE  CO.:  Two  miles  south  of 
Thomson,  July  16,  1966,  Wunderlin  and 
Chapman  303,  30J/. 
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ADDITIONAL  HERPETOLOGICAL  RECORDS  FROM  SANGAMON, 
MACOUPIN  AND  MENARD  COUNTIES,  ILLINOIS 


EDWARD  A.  MUNYER  and  PAUL  W.  PARMALEE 
Illinois  State  Museum,  Springfield 


Abstract. — Eight  species  of  reptiles 
( Chelydra  serpentina ,  Terrapene  Caro¬ 
lina,  Ophisaurus  attenuatus,  Cnemidoph- 
orus  s  exline  at  us ,  Eumeces  laticeps, 
Storeria  occipitomaculata,  Natrix  grah¬ 
am, i  and  N.  kirtlandi)  and  one  amphibian 
(Amhy  stoma  texanum)  are  recorded  for 
the  first  time  from  localities  in  Sanga¬ 
mon,  Menard  and  Macoupin  counties  in 
west-central  Illinois. 


The  results  of  recent  collecting  in 
Sangamon  and  Macoupin  counties,  Illi¬ 
nois  prompted  this  report  of  ten  new 
county  records  (some  represent  limited 
range  extensions)  of  eight  species  listed 
herein.  An  additional  record  of  a  speci¬ 
men  of  Ophisaurus  attenuatus  collected 
from  Menard  Co.  in  1957  is  also  included. 
Except  for  subsequently  published  range 
extensions  of  Natrix  kirtlandi  (cited 
below),  the  most  recent  information  on 
distributional  records  of  these  species 
in  the  state  is  presented  by  Smith 
(1961). 

These  collection  localities  are  in  west- 
central  Illinois  and  within  the  Spring- 
field  Plain,  a  physiographic  subdivision 
(Leighton,  Ekblaw  and  Horberg,  1948) 
“.  .  .  distinguished  mainly  by  its  flatness 
and  by  shallow  entrenchment  of  drain¬ 
age.  .  .  .”  There  is  extensive  agricultural 
usage  throughout  the  area  with  most 
wooded  areas  occurring  along  the  major 
streams.  While  Sangamon  and  Menard 
counties,  and  Macoupin  Co.,  are  included 
respectively  in  the  Prairie  and  Southern 
Division  Woodlands  lierpetofaunal  di¬ 
visions  established  by  Smith  (1961), 
they  contain  similar  elements — that  is, 
prairie  outliers  in  Macoupin  Co.,  and 
forested  areas  along  the  lower  Sanga¬ 
mon  River  and  its  tributaries  in  Sanga¬ 
mon  and  Menard  counties  (Smith,  1961; 
Vestal,  1931).  The  specimens  are  housed 
in  the  collections  of  the  Illinois  State 
Museum;  unless  indicated  otherwise, 
all  were  collected  by  the  senior  author, 
but  we  wish  to  thank  Mrs.  Gladys 


Rench,  Patrice  Parmalee,  Dr.  George  E. 
Merrihew  and  John  Davidson  for  donat¬ 
ing  certain  specimens.  To  facilitate 
comparisons  with  other  populations  in 
the  state,  the  measurements  and  other 
descriptions  are  largely  those  used  by 
Smith  (1961),  whose  scientific  terminol¬ 
ogy  is  also  followed. 

Ambystoma  texanum  (Matthes) 

Sangamon  Go. — An  adult  small- 
moutlied  salamander  was  collected  by 
Mrs.  Gladys  Rench  five  miles  east  of 
Rochester  on  1  March  1965.  It  was  pre¬ 
pared  as  a  skeleton  (ISM  684901)  and 
constitutes  the  first  record  from  the 
county.  Smith  (1961)  included  south- 
central  Illinois  in  its  range  and  pre¬ 
dicted  that  the  species  would  be  found 
in  the  area  after  additional  field  work. 

Chelydra  serpentina  serpentina 
(Linnaeus) 

Sangamon  Co. — A  partially  decayed, 
juvenile  common  snapping  turtle  (ISM 
621865)  with  a  carapace  length  of  57 
mm  was  found  by  Patrice  Parmalee  on 
a  road  six  miles  south  of  Springfield, 
near  Lake  Springfield,  on  22  June  1965. 
This  is  apparently  the  first  report  of 
this  relatively  common  species  from 
Sangamon  Co. 

Terrapene  Carolina  Carolina 
(Linnaeus) 

Sangamon  Co.— On  3  October  1966  the 
senior  author  collected  a  large  female 
eastern  box  turtle  (ISM  622070)  about 
three  miles  northeast  of  Springfield  in 
Sec.  1,  T.  16  N.,  R.  5  W.  The  specimen 
has  the  following  dimensions  in  mm: 
carapace  length  143,  carapace  width 
110,  plastron  length  147,  and  shell  depth 
79.  While  the  species  occurs  in  this 
latitude  in  the  eastern  and  western 
extremes  of  the  state,  this  represents 
the  first  record  from  the  central  por¬ 
tion. 


[200] 


Notes 


201 


The  locality  is  a  woodland  south  of 
the  Sangamon  River  above  the  forested 
bluff,  and  is  of  interest  because  of  the 
small  grassy-weedy  sand  areas  within 
and  partly  bordering  it.  Ornate  box 
turtles  (T.  o.  ornata)  and  six-lined  race- 
runners  (Cnemidopliorus  s.  sexlineatus) 
are  both  common  and  were  also  collected 
in  the  immediate  vicinity  in  early  spring 
and  summer,  respectively.  The  site  is 
apparently  a  denning  area  for  both 
species  of  turtles,  with  fallen-uprooted 
trees  and  numerous  holes.  Further  south 
in  the  state,  where  narrow  prairie  out¬ 
liers  interdigitate  with  forest,  both  box 
turtles  can  also  be  collected  “.  .  .  almost 
side  by  side.  .  .  .”  (see  Smith  1961,  p. 
138). 

Smith  (1961)  reported  that  in  eastern 
Illinois  the  northward  dispersal  of  Car¬ 
olina  is  apparently  limited  by  a  prairie, 
and,  regarding  its  absence  in  the  ap¬ 
parently  suitable  habitats  to  the  north 
in  western  Illinois,  he  suggested  that  it 
“apparently  .  .  .  has  not  yet  reoccupied 
forests  in  the  predominantly  prairie 
areas.”  In  central  Illinois,  a  broad  ex¬ 
panse  of  prairie  lies  immediately  north 
of  the  major  range  of  the  species  (see 
Smith,  1961).  The  occurrence  of  T.  c. 
Carolina  reported  here  may  therefore  be 
of  some  biogeographic  significance.  The 
forested  tract  along  the  lower  Sangamon 
River  and  its  tributaries  (in  which  the 
present  locality  lies)  nearly  divides 
that  portion  of  the  Grand  Prairie  in 
Vestal’s  (1931)  Springfield  District. 
Vestal  stated,  in  part,  that  “The  prairie 
southwest  of  it  is  thus  nearly  cut  off .  .  . 
from  the  Grand  Prairie  on  the  north¬ 
east  side.  .  .  .  The  remaining  examples 
of  native  vegetation  within  this  prairie 
to  the  southwest  may,  when  studied  in 
detail,  prove  to  show  interesting  pecu¬ 
liarities  of  floristic  compositon  which 
should  throw  light  upon  geographic  and 
historic  relations  of  vegetation  in  this 
part  of  the  country.” 

The  collection  locality  is  about  a  half- 
mile  from  two  major  highways,  and 
the  possibility  that  the  turtle  is  a  waif 
cannot  be  overlooked.  However,  the 
area  has  been  only  cursorily  studied 
(as  has  most  of  the  lower  Sangamon 
drainage)  and  it  is  ecologically  suitable. 

Ophisaurus  attenuatus  attenuatus  Cope 

Menard  Co. — The  western  slender  glass 
lizard  is  “.  .  .  inexplicably  rare  in  Illi¬ 
nois”  (Smith,  1961).  A  large  adult  of 
this  species  was  collected  three  miles 
southeast  of  Greenview  on  17  October 
1957  by  Dr.  George  E.  Merrihew.  The 


specimen  (ISM  621822)  has  a  snout-vent 
length  of  218  mm  and  a  total  length 
of  346  mm  (60  mm  is  regenerated  tail). 
It  shows  a  distinct,  dark  middorsal 
stripe,  has  133  ventrals,  10  +  10  suprala- 
bials,  8  +  9  infralabials  and  generally 
fits  the  description  of  most  specimens 
examined  and  described  by  Smith 
(1961).  This  is  the  first  record  from  the 
county. 

Cnemidophorus  sexlineatus  sexlineatus 
( Linnaeus) 

The  six-lined  racerunner  occurs  on 
hill  prairies  in  all  major  sand  areas  and 
in  the  extreme  southeastern  part  of 
the  state  according  to  Smith  (1961). 
In  the  same  publication  Smith  also 
mentions  the  possibility  that  it  might 
yet  be  found  also  in  some  of  the  minor 
sand  areas.  The  colonies  reported  here 
from  smaller,  but  suitable  habitats, 
support  his  suggestion. 

Sangamon  Co. — During  June,  1966 
twelve  adults  and  six  juveniles  (ISM 
622050  through  067)  were  collected 
from  grassy-weedy  sand  areas  about 
three  miles  northeast  of  Springfield 
(area  is  described  under  T.  Carolina 
above).  This  represents  a  new  county 
record  and  also  the  first  report  of  a 
colony  from  suitable  habitats  along  the 
Sangamon  River  and  its  tributaries. 

The  following  measurements,  in  mm, 
were  taken:  snout-vent  lengths — six  ju¬ 
veniles  38-47  (average  42.7);  six  adult 
females  64-73  (average  67.8);  six  adult 
males  63-68  (average  65.7);  total  lengths 
of  those  with  original  tails — four  ju¬ 
veniles  102-132  (average  119.5);  four 
adult  females  189-217  (average  201); 
and  three  adult  males  193-205  (average 
201).  Scutellation  data  for  the  18  speci¬ 
mens  are  as  follows:  femoral  pores  15- 
18  (average  16.6);  transverse  rows  of 
ventral  plates  32-36  (average  32.7); 
lamellae  under  fourth  toe  22-27  (aver¬ 
age  25.2). 

Macoupin  Co. — On  21  July  1966  two 
adult  females  (ISM  622068  and  069) 
were  collected  on  the  small  peninsula 
at  Beaver  Dam  State  Park.  Measure¬ 
ments  and  scutellation  fit  within  the 
variations  described  above  for  speci¬ 
mens  from  Sangamon  County,  and  for 
specimens  from  other  areas  in  Illinois 
described  by  Smith  (1961). 

Eumeces  laticeps  (Schneider) 

Sangamon  Co. — On  3  September  1965 
John  Davidson  collected  an  adult  female 
broad-headed  skink  (ISM  622045  within 
the  southern  limits  of  Springfield.  The 
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specimen  has  a  snout-vent  length  of  99 
mm,  23  mm  of  the  original  tail,  a  re¬ 
generated  tail  12  mm  long,  and  other 
characters  as  follows:  Scale  rows  at 
mid-body  30;  dorsal  scale  rows  54;  sub- 
digital  lamellae  on  fourth  toe  17 ;  num¬ 
ber  of  post  labials  1  +  1;  and  number  of 
supralabials  7  +  8.  The  locality  is  resi¬ 
dential  with  numerous  trees;  it  is  near 
heavily  wooded  areas  and  was  itself 
formerly  woodland.  The  species  has 
never  been  recorded  from  wooded  tracts 
in  the  Grand  Prairie  (Smith,  1961). 

Macoupin  Co. — Five  specimens  were 
collected  2 y2  miles  northwest  of  Mt. 
Olive  (Sec.  28,  T.  8  N.,  R.  6  W.)  from  a 
wooded  area  near  a  city  water  reser¬ 
voir  (a  dammed  portion  of  Panther 
Creek,  a  tributary  of  Caliokia  Creek). 
These  lizards,  two  females,  one  male 
and  two  juveniles  (ISM  621874-75; 
621879-81)  were  collected  in  June-July, 
1962  and  July,  1963.  Characters  are  as 
follows:  Scale  rows  at  midbody,  30-31 
(30.2);  dorsal  scale  rows,  52-55  (54); 
subdigital  lamellae  on  fourth  toe,  15-17 
(16.4);  and  snout-vent  length  36-117. 
Although  expected  by  Smith  (1961), 
this  is  the  first  evidence  of  the  species 
in  the  area.  The  specimens  have  also 
been  examined  by  Donald  M.  Davis, 
Duke  University,  Durham,  North  Caro¬ 
lina  who  referred  them  to  the  species. 

Storeria  occipitomaculata 

occipitomaculata  (Storer) 

Macoupin  Co. — On  21  April  1962  a 
female  northern  red-bellied  snake  (ISM 
622011)  was  collected  2V2  miles  north¬ 
west  of  Mt.  Olive  (same  area  described 
for  Eumeces).  It  is  the  less  common 
color  phase  described  by  Smith  (1961), 
being  brownish  above  with  a  salmon 
ventral  color  before  preservation.  Meas¬ 
urements  in  mm  and  scutellation  data 
are:  Total  length  277;  tail  length  59; 
tail  length  as  percentage  of  total  length 
21.3;  ventrals  126;  caudals  49;  scale 
rows  15;  supralabials  6  +  6;  infralabials 
7  +  7;  preoculars  2  +  2;  postoculars  2  +  2. 
According  to  Smith  (1961),  the  species 
occurs  throughout  Illinois  but  “.  .  .  is 
distinctly  uncommon  except  in  the  for¬ 
ested  morainal  region  of  Cook  and 
Lake  counties.”  While  a  record  from 
nearby  Bond  Co.  exists,  this  is  the  first 
report  from  Macoupin  Co. 

Natrix  grahami  (Baird  and  Girard) 

Macoupin  Co. — A  partially  decayed 
adult  Graham’s  water  snake  (ISM 
622009)  found  on  18  June  1962  near  a 
city  water  reservoir  2 y2  miles  north¬ 


west  of  Mt.  Olive  constitutes  the  first 
record  from  the  county.  Several  other 
specimens  from  this  area,  have  been 
presented  to  Dr.  J.  Alan  Holman,  Illi¬ 
nois  State  University  and  John  D. 
Lynch;  one  of  these,  a  female,  collected 
on  31  July  1962,  contained  nine  large 
embryos  (the  latter  are  preserved  as 
ISM  622027). 

Natrix  kirtlandi  (Kennicott) 

Sangamon  Co. — On  22  June  1965, 
Patrice  Parmalee  found  a  damaged  and 
partially  decayed  adult  of  this  species 
on  a  road  six  miles  south  of  Springfield 
near  Lake  Springfield.  The  specimen 
(ISM  621866),  is  about  43  cm  long,  has 
a  tail  of  90  mm,  and  132  ventrals,  55 
caudals,  6  +  6  supralabials  and  7  +  7  in¬ 
fralabials.  It  is  the  first  record  from 
the  county. 

Since  Smith’s  (1961)  listing  of  Kirt- 
land’s  water  snake  in  the  northeastern 
and  east-central  part  of  the  state,  at 
least  three  published  range  extensions 
have  appeared  and  specimens  are  now 
known  from  McDonough  Co.  (Clark, 
1962)  and  Adams  Co.  (Moll,  1962)  in 
western  Illinois,  and  Fayette  Co.  (Hol¬ 
man  and  Aral,  1962)  in  the  south-central 
portion.  The  present  record,  therefore, 
supplements  these  and  perhaps  indicates 
that  other  colonies  may  exist  in  the  in¬ 
tervening  areas.  At  least  five  localities 
for  the  species  are  known  from  the 
Sangamon  River  in  other  counties  up- 
stream. 
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LONE  STAR  TICKS  FROM  WHITE-TAILED  DEER  IN  ILLINOIS 


G.  G.  MONTGOMERY  and  R.  E.  HAWKINS 
Illinois  Natural  History  Survey,  Urbana 


Abstract. — The  lone  star  tick  (Ambl- 
yomma  americanum),  not  previously  re¬ 
ported  from  Illinois,  has  been  collected 
from  white-tailed  deer  ( Odocolieus  vir- 
ginianus)  in  southern  Illinois. 


The  lone  star  tick  has  not  previously 
been  reported  from  Illinois,  although 
Hooker  et  al.  (1912:143)  showed  the 
probable  range  of  the  species  to  include 
the  southern  half  of  the  state.  Parker 
et  al.  (1943:728,  footnote)  reported  that 
the  state  entomologist  W.  P.  Flint  knew 
of  no  record  of  the  species  in  Illinois. 
Although  sporadic  attempts  have  been 
made  to  collect  the  lone  star  tick  in 
Illinois  since  1944,  no  ticks  of  this 
species  were  collected  (Stannard,  L.  J., 
personal  communication).  Lone  star 
ticks  have  been  reported  from  Kentucky 
(Hooker  et  al.,  op  cit.:  144),  and  from 
Missouri  (Cooley  and  Kohls,  1944:91-92). 

A  total  of  five  lone  star  ticks,  all  ma¬ 
ture  females,  were  collected  from  white¬ 
tailed  deer  from  two  places  in  southern 
Illinois  (Table  1).  The  two  places,  the 
Dixon  Springs  Agricultural  Research 
Center  (DSARC),  in  Pope  County,  and 
the  Crab  Orchard  National  Wildlife 
Refuge  (CONWR),  in  Williamson 


Table  1. — Dates  of  Collection,  Locations, 
and  Descriptions  of  Host  Deer  for  Lone  Star 
Ticks  Collected  in  Southern  Illinois. 


Num¬ 

ber 

Host  Deer 

Dates 

Collected 

of 

Ticks 

Location 

& 

Sex 

Age 

30  July,  1964 . 

1 

DSARC 

$ 

Fawn 

27  February, 
1965 . 

1 

DSARC 

$ 

Adult 

23  March, 

1966 . 

1 

CONWR 

$ 

Fawn 

5  April, 

1966 . 

1 

CONWR 

$ 

Fawn 

7  April, 

1966 . 

1 

CONWR 

9 

Adult 

County,  are  aproximately  35  miles  apart. 

A  total  of  59  American  dog  ticks 
(D.  variabilis)  were  collected  from  a 
semi-wild  fawn  on  DSARC  during  July 
1964  (Montgomery,  in  ms.).  In  addition 
to  those  59  ticks,  a  total  of  16  ticks 
were  collected  on  DSARC  from  2  of 
50  wild,  living  deer  examined  for  ticks 
on  DSARC  during  the  period  March 

1964  through  November  1966.  Fourteen 
of  the  ticks,  all  from  one  deer,  were  D. 
variabilis ,  while  the  remaining  two,  one 
from  each  of  the  two  deer,  were  A. 
americanum. 

Twenty-nine  living  deer  from  CONWR 
were  examined  during  the  period  May 

1965  through  April  1966.  One  A.  ameri¬ 
canum  was  collected  from  each  of  three 
of  these  deer.  No  other  ticks  were 
found  when  these  29  deer  were  ex¬ 
amined. 
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GROUND-ROOSTING  BY  MOURNING  DOVES  IN  ILLINOIS 


STEVE  L.  WUNDERLE 

Illinois  Natural  History  Survey ,  TJrlmna, 


Abstract. — Mourning  doves  observed 
near  Neoga,  Illinois,  select  clovers  and 
vegetation  under  6  inches  in  height  for 
roosting  cover  when  trees  no  longer 
afford  protection  in  the  fall. 


Ground-roosting  by  the  western 
mourning  dove  (  Zenaidura  macroura 
marginella)  has  been  reported  in  grazed 
pasture  land  and  in  stubble  hayfields 
adjacent  to  nesting  and  feeding  areas 
of  mourning  doves  (Cowan  1952:  508). 
Chambers  (1961:  47)  found  eastern 

mourning  doves  (Z.  m.  carolinensis) 
roosting  in  abandoned  pastures  of  Ko¬ 
rean  lespedeza  (Lespedeza  stipulacea 
Maxim.)  and  in  or  around  clumps  of 
grasses  in  a  weedy,  handpicked  corn¬ 
field.  Hennessy  and  Van  Camp  (1963: 
370)  found  eastern  mourning  doves 
roosting  on  clipped  wheat  stubble  and 
in  fields  of  dead  alfalfa  (Medicago  sativa 
L.).  This  note  presents  data  on  the 
ground-roosting  of  mourning  doves  of 
mixed  racial  stock  composed  of  Zenai¬ 
dura  macroura  marginella  and  an  inter¬ 
mediate  between  carolinesis  and  mar¬ 
ginella  (Aldrich  and  Duvall,  1958:  113, 
119;  Aldrich  et  al.,  1958:  72). 


Methods  of  Study 

While  nightlighting  pheasants  (Labi- 
sky,  1959)  on  a  study  area  near  Neoga 
in  Cumberland  County,  Illinois  (Ellis 
and  Anderson,  1963:  226),  the  numbers 
of  ground-roosting  doves  and  the  hab¬ 
itats  they  were  utilizing  were  recorded 
from  July  23,  1963,  through  November 
13,  1963,  in  conjunction  with  the  col¬ 
lecting  of  pheasant  data.  The  vegetation 
on  the  study  area  was  rated  from  1  to 
4,  based  on  its  height,  as  follows:  1-3 
inches  high  —  ( 1 ) ,  4  to  6  inches  high  — 
(2),  7  -  14  inches  high  =  (3),  and  15  - 
48  inches  or  more  high  —  (4).  Since 
not  all  of  the  different  agricultural  fields 
were  searched  and  the  sample  size  of 
fields  and  doves  was  small,  no  attempt 
was  made  to  analyze  the  data  statisti¬ 
cally. 


Results  and  Discussion 

Two  hundred  fifty-four  doves  were 
observed  in  661  acres  driven  from  Sep¬ 
tember  23  through  November  13,  1963; 
no  doves  were  observed  on  789  acres 
cruised  from  July  23,  1963,  through 
September  16,  1963.  Mourning  doves 

appear  to  be  selective  in  the  composi¬ 
tion  and  height  of  the  vegetative  cover 
they  choose  for  roosting  as  97  per  cent 
of  the  doves  utilized  vegetation  with 
clovers  (Trifolium  spp.)  as  a  vegetative 
base.  Sixty-one  doves  (148.7  doves  per 
100  acres)  utilized  mowed  oat  stubble 
characterized  by  4-  to  6-  inch  high 
clovers.  One  hundred  seventy-three 
doves  (71.2  doves  per  100  acres)  were 
observed  in  clover  hayfields  and  11  (12.6 
doves  per  acre)  were  observed  in  wheat 
stubble  with  clover  growth.  The  cen- 
susing  of  wheat  and  oat  stubble,  and  of 
wheat  and  oat  stubble  regrown  with 
weeds,  timothy,  and  timothy  pasture 
indicated  that  very  few  doves  (9  doves 
in  290  acres)  were  roosting  in  these 
fields. 

Ninety  per  cent  of  the  doves  chose 
vegetation  under  6  inches  high  with 
clovers  as  a  base  for  roosting.  Doves 
found  in  vegetation  over  6  inches  tall 
were  in  open  areas  within  the  vegetation 
or  on  piles  of  dead  vegetation. 

At  least  two  factors  may  account  for 
the  initiation  of  ground-roosting  by 
doves  after  September  23,  as  described 
here.  Ground-roosting  may  have  served 
to  protect  the  doves  from  their  enemies 
since  leaves  were  falling  from  the  trees, 
in  particular  from  the  osage  orange 
hedges  (Maclura  pomifera  (Raf.) 
Schneid),  where  the  birds  had  been 
observed  roosting  during  July,  August, 
and  early  September.  The  more  logical 
possibility  is  that  the  mourning  doves 
may  have  started  ground-roosting  to 
conserve  body  heat.  Moore  (1945:  253  - 
260)  has  stated  that  a  bird  must  over¬ 
come  radiation  of  heat  from  its  body 
on  clear  cold  nights  by  roosting  in  a 
place  relatively  free  of  air  movements, 
and  he  thought  that  the  bird  could  ac- 
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complish  this  by  roosting  close  to,  or 
under,  opaque  cover.  This  may  explain 
the  selection  of  clovers  by  ground-roost¬ 
ing  doves.  Riddle  et  al.  (1932:  264-266) 
reported  that  mourning  doves  attain 
their  highest  metabolic  rates  in  Sep¬ 
tember  and  that  in  this  species  metab¬ 
olism  is  more  affected  by  slight  changes 
in  air  temperature  than  is  the  metab¬ 
olism  of  nonmigrant  ring  doves 
(Streptopelia  roseogrisea)  or  pigeons 
(Columba  livia). 
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PRESIDENTIAL  ADDRESS 


THE  WOES  OF  A  BIOLOGIST 


NORMAN  D.  LEVINE 
University  of  Illinois,  Urbana 


A  couple  of  years  ago  at  a  social 
gathering,  I  listened  to  a  graduate 
student  in  organic  chemistry  bewail¬ 
ing  his  ignorance  about  his  subject. 
He  had  studied  organic  chemistry 
for  four  years  after  graduating  from 
college,  and  he  was  about  to  receive 
his  Ph.D.  in  it,  yet  he  complained 
that  the  amount  of  organic  chem¬ 
istry  he  knew  was  tiny  compared 
with  the  vast  amount  he  didn’t  know. 

‘‘But,”  he  said,  “I  have  a  good 
working  knowledge  of  biology.” 

Naturally,  I  was  curious  to  know 
what  constituted  a  good  working 
knowledge  of  biology,  so  I  asked  him 
how  many  courses  he  had  had.  He 
told  me:  “A  year  in  high  school.” 

I  said  that  his  knowledge  of  bi¬ 
ology  wasn’t  any  better  than  a  per¬ 
son’s  knowledge  of  chemistry  would 
have  been  if  he  had  had  only  a  year 
in  high  school,  but  I  didn’t  convince 
him.  “I  keep  up,”  he  said.  “I  read 
the  Scientific  American.”  I  told  him 
that  even  this  wasn’t  enough,  but 
again,  I  doubt  if  I  convinced  him. 

Now,  this  ignorance  of  biology  on 
the  part  of  a  specialist  in  a  sister 
science  is  bad  enough,  but  what  is 
really  appalling  is  the  fact  that  he 
didn’t  even  recognize  his  ignorance. 


And  even  more  depressing  is  the  fact 
that  his  opinion  is  quite  typical  of 
that  of  other  chemists  and  physical 
scientists. 

What  is  wrong  ?  I  have  taken 
quite  a  few  chemistry  courses,  and  I 
read  the  Scientific  American ,  too, 
but  I  don’t  consider  myself  an  ex¬ 
pert  in  chemistry.  And  biology  is 
much  more  complex  than  chemistry. 
It  contains  too  many  apparently  un¬ 
related  facts,  too  many  details  of 
too  many  different  kinds,  for  one  to 
be  able  to  grasp  them  all.  This  is 
one  reason  for  the  fragmentation  of 
biology  into  many  disciplines — not 
merely  zoology,  botany,  microbiol¬ 
ogy,  entomology,  physiology  and  the 
applied  fields  of  agriculture,  medi¬ 
cine  and  veterinary  medicine,  but 
protozoology  (still  too  broad),  plant 
ecology  (still  too  broad),  molecular 
biology,  fruit  fly  genetics,  insect  tox¬ 
icology,  amphibian  taxonomy,  neu¬ 
rophysiology,  bacteriophage  virol¬ 
ogy,  and  DNAology. 

Each  of  these  fields,  and  many 
others,  has  its  own  scientific  society, 
and  it  is  no  coincidence  that  biolo¬ 
gists  have  no  single  unifying  or¬ 
ganization  like  the  American  Chem¬ 
ical  Society.  The  American  Institute 
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of  Biological  Sciences,  which  was 
formed  only  recently,  attempts  to  fill 
this  need,  but  it  is  still  a  union  of 
autonomous  fragments  and  it  still 
has  only  43  ‘  ‘  adherent  societies  ’  ’  out 
of  the  great  welter  of  biological  so¬ 
cieties — note  that  I  said  only  43 ;  the 
total  must  be  in  the  hundreds. 

It  is  no  coincidence,  either,  that  the 
age  at  which  eminent  biologists  made 
the  discoveries  for  which  they  be¬ 
came  famous  is  much  greater  than 
that  at  which  eminent  physical  sci¬ 
entists  did  so.  The  average  age  in¬ 
creases  from  mathematics  to  physics 
to  chemistry  to  biology ;  and  again, 
this  reflects  the  complexity  of  the 
field. 

I  think  that  one  reason  for  that 
young  chemist’s  attitude  is  that  bi¬ 
ology  is  not  such  an  alien  subject 
that  he  realizes  that  he  must  ap¬ 
proach  it  in  total  ignorance — from 
the  outside — and  learn  it  as  some¬ 
thing  fresh  and  new  and  different. 
No.  .  .  .  He  is  already  familiar  with 
it.  After  all,  man  is  a  biological  ob¬ 
ject,  he  lives  and  moves  in  a  biologi¬ 
cal  world,  and  we  acquire  quite  a 
bit  of  information  about  ourselves 
and  our  biological  environment  sim¬ 
ply  by  living  and  reacting. 

This  familiarity  makes  us  feel 
that  we  are  experts,  but  we  really 
aren’t.  I  am  perfectly  familiar  with 
my  TV  set.  I  know  the  principles 
by  which  it  operates,  I  know  how 
broadcasts  are  transmitted  and  pick¬ 
ed  up,  and. I  know  what  is  happening 
to  produce  the  picture  on  the  tube. 
But  my  knowledge  is  really  vague. 
I  certainly  couldn ’t  qualify  as  a 
TV  engineer  or  research  worker  or 
even  as  a  repairman.  I  know  this, 
and  I  wouldn’t  try,  but  my  young 
chemist  friend  doesn ’t  realize  it 


about  himself  and  his  knowledge  of 
biology. 

Well,  that  is  one  of  the  woes  of 
biologists — we  are  misunderstood. 
But  that  certainly  doesn’t  make  us 
unique.  ...  We  are  misunderstood, 
but  so  is  everyone  else. 

Our  woes  are  due  to  the  results  of 
this  misunderstanding.  Whatever 
field  we  work  in,  if  we  come  up  with 
ideas  which  contradict  ancient  and 
hallowed  ones,  we  are  liable  to  be 
attacked  as  corrupters  of  youth,  en¬ 
emies  of  religion,  and  monsters  of 
iniquity. 

The  history  of  the  theory  of  evolu¬ 
tion  is  too  familiar  to  need  repeat¬ 
ing.  This  theory  is  one  of  the  foun¬ 
dation  stones  of  modern  biology,  yet 
there  are  still  people  who  consider  it 
false  and  heretical,  and  there  are  still 
laws  in  this  country  which  forbid  its 
being  taught. 

Actually,  there  is  one  perfectly 
logical  counter-explanation  of  the 
facts  which  are  used  to  prove  the 
theory  of  evolution.  This  explana¬ 
tion  was  advanced  in  the  last  cen¬ 
tury,  and  it  has  never  been  proven 
wrong.  It  is  the  view  that  all  the 
fossils  didn ’t  get  into  the  rocks 
where  we  now  find  them  thru  the 
processes  of  evolution,  but  that  God 
put  them  there  at  the  moment  of 
creation — as  a  test  of  our  faith.  You 
can  use  the  same  argument  to  ex¬ 
plain  the  processes  of  embryological 
development  and  the  phylogenetic 
relations  of  existing  organisms,  too. 

This  argument  may  not  be  a  satis¬ 
fying  one,  but  it  is  incontrovertible. 
As  W.  C.  Dampier  (1949)  said  in  his 
History  of  Science,  if  I  wished  to 
contend  that  the  universe  and  every¬ 
thing  in  it  were  created  at  8  o’clock 
yesterday  morning  and  that  we  were 
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all  created  at  the  same  time  with  ap¬ 
propriate  memories,  no  one  conld 
prove  me  wrong. 

We  ignore  this  sort  of  thing,  for 
to  accept  it  would  mean  the  end  of 
all  science,  but  it’s  still  a  clever  ploy. 

Another  area  where  we  biologists 
get  into  trouble  is  in  the  field  of 
population  increase  and  birth  con¬ 
trol.  The  population  crisis  and  its 
significance  are  well-known  to  all, 
but  it  is  only  recently  that  the  topic 
has  become  fashionable — or  even  fit 
for  polite  drawing-room  conversa¬ 
tion. 

Man’s  basic  needs  are  the  same  as 
those  of  other  animals — for  food,  for 
reproduction,  for  conditions  which 
will  enable  him  to  survive  as  an  indi¬ 
vidual  and  as  a  species.  Many  fac¬ 
tors  affect  his  achievement  of  these 
needs,  but,  stripped  right  down  to 
their  essentials,  the  most  important 
and  the  most  basic  ones  are  just  two : 
(1)  population ;  and  (2)  food  supply. 

The  population  crisis  is  largely  a 
result  of  advances  in  the  health  sci¬ 
ences,  in  the  agricultural  sciences, 
and  in  the  other  biological  sciences — 
and  it  is  these  sciences  which  are 
going  to  have  to  cope  with  it,  or  at 
least  provide  the  means  for  coping 
with  it. 

The  world  population  is  now  about 
3  billion,  but  it  is  increasing  rapidly. 
I  shall  mention  3  divergent  estimates. 
The  most  conservative  is  that  of 
United  Nations  demographers;  they 
estimated  in  1960  that  the  world 
population  will  have  reached  6,267 
billion  by  the  year  2000 — -that  is,  it 
will  have  more  than  doubled  in  the 
next  40  years  (Deevey,  1960). 

A  more  dramatic — if  somewhat 
facetious — estimate  is  that  of  von 
Foerster,  Mora  and  Amiot  (1960). 


They  set  Doomsday  at  Friday,  13 
November,  2026  A.D.  On  this  date, 
they  said,  the  human  population  will 
approach  infinity  if  it  continues  to 
grow  at  the  same  rate  as  it  has  in 
the  last  200  years.  Our  great-great¬ 
grandchildren,  they  said,  will  not 
starve  to  death  —  they  will  be 
squeezed  to  death. 

Philip  M.  Hauser  of  the  Univer¬ 
sity  of  Chicago  was  much  more  con¬ 
servative.  Essentially,  he  accepted 
the  UN  demographers’  estimate,  but 
he  extrapolated  from  it  that,  at  the 
present  rate  of  growth,  the  human 
population  in  the  year  6200  A.D. 
would  “consist  of  a  massive  ball  of 
flesh  expanding  on  the  surface  at  the 
speed  of  light.”  (M.R.,  1963).  .  .  . 
That  isn’t  infinity,  you  see,  and  it 
also  gives  us  4000  years  more  than 
von  Foerster. 

It  hasn’t  been  too  many  years  ago 
that  people  didn’t  worry  about  the 
population  increase.  They  didn’t  un¬ 
derstand  that  growth  rates  are  in¬ 
exorable,  and  they  thought  that 
agricultural  progress  would  provide 
enough  food  for  any  foreseeable  in¬ 
crease  in  population.  I  saw  an  article 
in  Science  only  7  or  8  years  ago 
which  preached  this  dogma,  but  I 
forgot  to  note  down  the  reference, 
so  I  can’t  embarrass  its  author  now. 

Naturally,  all  the  estimates  of  fu¬ 
ture  population  that  I  have  given 
you  are  wrong,  and  no  one  knows  it 
better  than  the  estimators.  These 
estimates  are  like  the  one  that,  if  all 
the  houseflies  that  had  managed  to 
survive  the  winter  were  able  to  re¬ 
produce  at  their  normal  rate,  the 
earth  would  be  covered  by  a  layer 
of  houseflies  five  feet — or  is  it  five 
miles  —  thick  by  the  end  of  the 
summer. 
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Thomas  R.  Malthas  (1798)  point¬ 
ed  out  what  was  happening  in  his 
famous  book,  An  essay  on  the  'princi¬ 
ple  of  population,  which  was  pub¬ 
lish  in  1798  and  revised  in  1803. 
Malthus  said  that  the  population  in¬ 
creases  at  a  geometric  rate  while 
the  food  supply  increases  at  an  arith¬ 
metic  rate  and,  as  a  consequence, 
poverty  and  distress  are  the  unavoid¬ 
able  lot  of  mankind.  In  his  first  edi¬ 
tion,  he  said  that  war,  famine  and 
disease  are  the  only  restraints  on 
population  growth ;  in  his  second  edi¬ 
tion,  he  added  “ moral  restraint.” 

Looking  at  the  situation  today, 
I’d  say  that  starvation  will  be  the 
most  important  of  these  limiting  fac¬ 
tors.  I  don’t  think  that  we’ll  blow 
the  whole  species  off  the  globe — or 
at  least  I  hope  not.  And  medicine  is 
too  efficient  to  let  plagues  get  very 
far.  So  that  leaves  starvation. 

Or  does  it?  Malthus  talked  about 
“moral  restraint”  as  a  fourth  fac¬ 
tor,  but  no  one  who  understands  hu¬ 
man  nature  takes  it  very  seriously. 
Infanticide  might  be  mentioned,  too ; 
certainly  it  was  practiced  in  many 
places,  including  ancient  Sparta. 

Birth  control — which  is  what  Mal¬ 
thus  was  getting  at  by  his  “moral 
restraint” — is  the  only  acceptable 
alternative.  Biological  research  has 
given  us  the  means  of  accomplishing 
it,  and  continuing  biological  research 
will  make  it  easier,  cheaper  and  more 
effective. 

But  society  in  general  looks  on 
biologists  with  deep  suspicion  and 
distaste  because  the  solution  which 
they  have  proposed — the  solution 
that  involves  the  least  amount  of  hu¬ 
man  suffering — is  contrary  to  the 
teachings  of  some  religions  and  to 
the  desire— widespread  among  hu¬ 


man  societies — to  be  fruitful  and 
have  many  sons. 

Biological  Avarfare  is  extremely  in¬ 
efficient  as  a  killer  of  mankind  com¬ 
pared  with  atomic  warfare ;  its  effi¬ 
ciency  in  comparison  with  that  of 
the  hydrogen  bomb  is  vanishingly 
small.  In  a  modern  society,  where 
the  whole  population  can  be  vacci¬ 
nated,  I’m  not  sure  whether  biologi¬ 
cal  warfare  would,  be  more  deadly 
than  the  bow  and  arrow. 

But  death  is  not  the  whole  story, 
of  course,  and  I’m  not  trying  to  de¬ 
fend  biological  warfare  or  any  other 
type  of  warfare.  The  threat  of  bio¬ 
logical  warfare  would  cause  consid¬ 
erable  inconvenience  and  would  re¬ 
quire  a  certain  expenditure  of  man¬ 
power  and  money  to  cope  with  it. 

Why  are  people  so  terrified  by  the 
idea  of  biological  \\7arf are  ?  Why 
do  they  look  on  scientists  who  are 
working  on  it  with  more  revulsion 
than  they  do  scientists  who  are  work¬ 
ing  on  nuclear  warfare?  Perhaps 
it’s  because  they  can  conjure  up  a 
mental  picture  of  themselves  suffer¬ 
ing  from  some  nauseous  fever — 
which  must,  of  course,  be  worse  than 
any  they  have  ever  had — whereas  the 
idea  of  their  being  instantaneously 
converted  into  a  ball  of  gas  along 
with  a  few  million  other  people  has 
absolutely  no  meaning  for  them. 

We  are  in  the  midst  of  a  vigorous 
campaign  against  insecticides  and 
other  pesticides,  and  again  the  biolo¬ 
gists  who  are  developing  them  and 
who  advocate  their  use  are  under  at¬ 
tack.  Automobile  accidents  kill  about 
40,000  people  a  year  in  this  country 
and  injure  I  don’t  know  how  many 
hundred  thousand  more ;  pesticides 
kill  perhaps  a  couple  of  dozen,  most 
of  whom  are  engaged  in  their  manu- 
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facture  or  commercial  use. 

There  is  a  great  outcry  against  the 
death  of  robins  and  of  fish  from  ac¬ 
cumulation  of  residual  insecticides. 
But  the  introduction  of  the  English 
sparrow  and  the  starling  eliminated 
more  songbirds  than  insecticides  ever 
will,  and  our  rapidly  expanding  as¬ 
phalt  and  concrete  cities  make  life 
impossible  for  songbirds  in  places 
where  they  once  flourished.  And  as 
for  the  fish,  industrial  pollution  and 
sewage  pouring  into  our  streams 
have  killed  more  fish  and  destroyed 
more  aquatic  wildlife  than  pesticides 
ever  will. 

Why,  then,  single  out  the  biologists 
for  attack  ?  An  important  reason 
is,  I  think,  that  by  blaming  them  we 
don’t  have  to  blame  ourselves. 

The  automobile  death  problem  can 
be  solved  easily  enough  in  theory, 
but  only  at  the  expense  of  added  per¬ 
sonal  inconvenience.  All  that  we’d 
have  to  do  would  be  to  shift  from 
private  automobiles  to  public  trans¬ 
portation.  We’d  have  to  set  up  a 
system  of  cheap,  rapid,  convenient 
public  transportation  —  preferably 
electric — but  this  wouldn ’t  be  impos¬ 
sibly  difficult.  We’d  have  to  restrict 
the  manufacture  of  private  automo¬ 
biles,  too,  so  that  people  would  be 
forced  to  use  public  transportation. 

Again,  this  wouldn’t  be  impossible 
and  it  would  bring  with  it  many  ad¬ 
vantages.  Our  tremendous  traffic 
snarls  would  be  eliminated,  and  smog 
would  no  longer  be  a  serious  prob¬ 
lem  in  cities  like  Los  Angeles.  We 
couldn’t  sprawl  our  houses  out  over 
the  countryside,  and  cities  would 
become  more  concentrated.  This 
would  release  land  for  the  added 
food  production  which  we  shall  soon 
be  needing.  .  .  .  Not  that  I  expect 


this  to  come  about  just  yet — it  will 
take  another  few  generations,  I  sup¬ 
pose. 

But  the  most  virulent  attack  on 
biological  science  is  that  mounted  by 
the  antivivisectionists.  These  people 
are  opposed  to  the  use  of  animals  in 
reasearch  or  in  teaching,  regardless 
of  the  fact  that  they  are  needed  to 
protect  and  improve  the  health  and 
welfare  of  human  beings.  This  is  a 
crackpot  attitude,  of  course,  and  a 
great  many  antivivisectionists  are 
crackpots,  but  they  have  also  drawn 
in  some  people  with  the  most  honor¬ 
able  of  humane  motives — plus  a  few 
who  make  a  good  living  by  working 
for  them.  Quite  a  few  sweet  old 
ladies  have  left  quite  a  lot  of  money 
to  antivivisectionist  societies  in  their 
wills,  and  it’s  being  used. 

The  activities  of  these  people  have 
forced  many  biological  and  medical 
scientists  to  take  time  from  their 
work  to  defend  themselves  and  to 
fight  for  the  right  to  continue  trying 
to  help  mankind.  Francis  B.  Sum¬ 
ner  (1945)  of  the  Scripps  Institution 
of  Oceanography  said  in  his  autobi¬ 
ography,  The  life  history  of  an 
American  naturalist,  “I  think  that 
it  has  been  the  despicable  tacties  of 
the  antivivisectionists  that  have  stir¬ 
red  me  to  action  more  than  anything 
else.  Their  complacent  ignorance  of 
all  the  essential  data  of  the  case,  their 
deliberate  misrepresentation  of  facts 
and  intentional  garbling  of  quota¬ 
tions,  and  their  persistent  slandering 
of  deservedly  honored  men  of  science 
do  not  predispose  one  to  treat  them 
as  fair  opponents.” 

Scientists  are  not  sadists,  but  the 
antivivisectionists  would  want  you 
to  think  that  they  are. 

I  could  go  on  at  great  length  about 
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the  current  epidemic  of  antivivisec- 
tionist  activity.  There  are  several 
bills  now  before  Congress,  ostensibly 
to  provide  for  the  humane  treatment 
of  animals  used  in  experiment  and 
reasearch ;  most  would  seriously 
hamper  reasearch,  and  some  are  ac¬ 
tually  vicious,  but  the  gory  details 
would  take  another  talk. 

The  humane  treatment,  care  and 
welfare  of  laboratory  animals  are 
important  matters.  Improved  facil¬ 
ities  and  more  well-trained  caretak¬ 
ers  are  badly  needed,  and  no  one 
knows  this  better  than  the  scientists 
who  use  animals  in  their  research. 
Unfortunately,  many  discussions  of 
the  subject  are  laden  with  emotion 
and  irrationality,  and  the  quarter- 
truths,  distortions  and  slanted  mis¬ 
statements  employed  by  antivivisec- 
tionists  and  their  dupes  serve  only 
to  confuse  and  misinform  the  public. 

Why  do  some  of  these  people — 
many  of  them  sincere  and  honest — 
take  this  view?  I  believe  that  it  is 
one  more  evidence  for  the  validity  of 
C.  P.  Snow’s  concept  of  the  two  cul¬ 
tures.  These  people  are  ignorant  of 
science  and  basically  hostile  toward 
it.  They  have  seized  the  slogan  of 
humane  treatment  of  laboratory  ani¬ 
mals  as  a  means  of  belaboring  sci¬ 
ence  because  they  think — perhaps 
subconsciously — that  it  will  be  ef¬ 
fective. 

It  will  be.  People  who  try  to  be 
completely  factual  and  accurate  and 
truthful  are  bewildered  and  quite 
helpless  when  they  try  to  argue  with 
people  who  twist  the  facts  to  make 
their  point.  Scientists  don’t  know 
how  to  deal  with  antivivisectionists 
because  they  find  it  unworthy  and 
impossible  to  meet  them  on  their 
own  slippery  ground. 


Enough  of  this.  Are  there  any 
general  features  of  this  attitude 
toward  biological  science  ?  There 
seem  to  be  at  least  three.  The  first 
I  have  already  mentioned :  The  su¬ 
perficial  familiarity  with  the  subject 
that  gives  people  a  false  feeling  of 
knowledge  and  competence. 

The  second  I  have  hinted  at :  It  is 
an  example  of  the  lay  public’s  atti¬ 
tude  toward  science  in  general.  The 
lay  public  knows  that  science  is  im¬ 
portant,  that  science  is  the  founda¬ 
tion  stone  and  the  building  stone  of 
modern  civilization.  Scientists  are 
the  priesthood  of  this  new  culture. 
Their  esoteric  knowledge  and  their 
special  qualifications  are  required  to 
make  it  function,  so  they  have  a  spe¬ 
cial,  elevated  position  in  it.  And, 
like  the  religious  priesthoods  of  ear¬ 
lier  days,  scientists  are  viewed  with  a 
mixture  of  awe,  fear  and  resentment. 
The  basic  antagonism  between  scien¬ 
tists  and  non-scientific  scholars  is 
expressed  by  C.  P.  Snow’s  concept 
of  the  two  cultures,  and  the  antag¬ 
onism  between  the  intellectual  and 
the  non-intellectual  is  similar. 

The  third  feature,  it  seems  to  me, 
is  the  absence  of  the  quantitative  ap¬ 
proach.  Man  likes  his  explanations 
simple :  right  and  wrong,  good  and 
bad,  black  and  white,  plus  and  min¬ 
us,  all  should  stand  out  sharp  and 
clear  and  separate.  If  research  on  an¬ 
imals  causes  some  of  them  pain,  then 
that  research  is  wrong  and  should  be 
stopped.  If  pesticides  kill  some  song¬ 
birds  and  fish  and  a  few  men,  and  if 
over  the  years  they  might  be  accumu¬ 
lated  in  the  body  and  cause  some  sort 
of  obscure  symptoms,  then  they 
shouldn’t  be  used.  If  a  large  amount 
of  fluoride  can  poison,  then  a  small 
amount  shouldn’t  be  added  to  the 
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drinking  water  to  prevent  tooth  de¬ 
cay.  ...  If  aspirin  kills  some  chil¬ 
dren  every  year,  then  no  one  should 
use  aspirin.  If  some  people  are  alco¬ 
holics,  then  no  one  should  be  per¬ 
mitted  to  drink  beer. 

The  last  two  conclusions  are  ob¬ 
viously  ridiculous,  but  the  first  three 
are  no  less  so.  Biology  is  not  simple ; 
it  is  complex.  Small  amounts  of  sub¬ 
stances  don’t  have  the  same  effect  as 
*large  amounts.  Many  factors  work 
together  in  many  different  ways  to 
produce  any  one  effect.  And  the 
same  cause  doesn’t  always  have  the 
same  effect.  Biologic  phenomena  are 
really  statistical  concepts.  Basic  to 
biology  is  the  probability  curve — the 
curve  of  random  distribution. 

Any  one  action  produces  a  whole 
range  of  results,  some  desirable  and 
some  not.  What  we  have  to  do  is  de¬ 
termine  what  these  results  are,  find 
out  which  and  how  many  have  de¬ 
sirable  or  undesirable  effects  and  to 
what  degree,  weigh  the  good  effects 
against  the  bad,  and  then  decide 
whether  we  should  pay  the  price. 

Do  you  want  hundreds  of  millions 
of  people  to  get  malaria  each  year 
and  millions  to  die  of  it,  or  do  you 
want  a  few  more  fish  in  the  rivers'? 
Do  you  want  your  corn  and  cabbage 
and  apples  cheap  and  free  of  worms, 
or  do  you  want  more  songbirds  ?  Do 
you  want  your  children  to  be  vac¬ 
cinated  against  polio  at  the  cost  of 
thousands  of  monkeys’  lives,  or  do 
you  want  your  children  to  take  their 
chances  on  getting  the  disease  ? 
When  you  get  penumonia  or  enteritis 
or  septicemia,  do  you  want  to  take 
a  drug  and  be  cured — and  take  a 
chance  on  drug  sensitization  or  side 
effects — or  do  you  want  to  go  back  to 
the  good  old  days  when  plague  and 


cholera  and  tuberculosis  decimated 
the  population  and  most  people  died 
before  they  were  35?  Do  you  want 
to  sneeze  your  head  off  during  the 
ragweed  season,  or  do  you  want  to 
put  up  with  a  little  sleepiness  for 
a  while?  Do  you  want  biologists  to 
slow  down  their  search  for  a  cancer 
cure?  Do  you  want  the  man  who  is 
going  to  operate  on  you  to  learn  his 
surgery  on  a  lot  of  dogs  and  a  few 
people,  or  on  a  few  dogs  and  a  lot  of 
people?  This  is  the  type  of  choice 
we  face,  not  the  simple  one  of  the 
superficialists. 

A  couple  of  years  ago  in  an  edi¬ 
torial  in  the  Saturday  Review,  Paul 
Woodring  (1964)  quoted  a  recent 
comment  by  the  well-known  human¬ 
ist,  Jacques  Barzun,  “The  liberal 
arts  tradition  is  dead  or  dying.” 
Woodring  agreed,  and  then  went  on 
to  deplore  the  trend. 

Woodring  then  defined  the  liberal 
arts  tradition.  It  is  “a  vague  one 
that  has  been  corrupted  as  often  by 
pedantic  scholars  as  by  those  who 
prefer  vocational  training.  But,  in 
its  best  form,  it  stands  for  a  kind  of 
broad  education  that  frees  men  of 
the  limitations  of  ignorance,  prej¬ 
udice,  and  provicialism.  Such  edu¬ 
cation  is  needed  now  even  more  than 
in  the  past  because  the  leadership 
of  a  complex  society  requires  the 
ability  to  make  value  judgments 
based  on  a  broad  understanding  of 
many  fields  of  knowledge  not  closely 
related  to  vocational  competence.” 

Who  could  disagree?  We  need 
more  people  with  this  broad  type  of 
education.  But  Woodring  then  went 
on  to  talk  as  tho  a  liberal  education 
consisted  of  the  humanities  alone.  If 
this  were  so,  then  the  liberal  arts 
tradition  is  decadent,  and  the  sooner 
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we  dispense  with  it,  the  better. 

In  the  Middle  Ages,  a  liberal  edu¬ 
cation  consisted  of  the  trivium  and 
the  quadrivinm.  The  trivium  of 
grammar,  logic  and  rhetoric  led  to 
the  Bachelor  of  Arts  degree,  and  the 
quadrivium  of  arithmetic,  geometry, 
astronomy  and  music  to  the  Master 
of  Arts  degree.  We  have  a  word 
that  fits  the  idea  that  these  sub¬ 
jects  constitute  a  well-rounded  edu¬ 
cation — trivial.  This  word  is  derived 
from  the  type  of  discussion  that  went 
on  in  cheap  wine  joints  (which  were 
usually  located  at  the  intersections 
of  three  roads — also  trivia),  but  both 
derivations  could  be  equally  valid. 

A  liberal  education  nowadays  must 
include  not  only  the  humanities  but 
also  the  sciences.  To  quote  Woodring 
again,  “Such  education  is  needed 
now  even  more  than  in  the  past  be¬ 
cause  the  leadership  of  a  complex 


society  requires  the  ability  to  make 
value  judgments  based  on  a  broad 
understanding  of  many  fields  of 
knowledge.  ’  ’ 
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JOHN  ALBERT  HARRISON 
1916-1967 


ROBERT  A.  EVERS  and  JACK  SIMON 
State  Natural  History  Survey  and  State  Geological  Survey ,  Urbana 


John  Albert  Harrison,  geologist, 
State  Geological  Survey,  and  a 
member  of  the  Illinois  State  Acad¬ 
emy  of  Science,  died  unexpectedly  in 
the  company  of  a  number  of  his 
friends  at  11 :15  P.M.,  Friday,  Janu¬ 
ary  13,  1967,  in  Savoy,  Illinois,  at  the 
age  of  50  years,  10  months  and  3 
days. 


JOHN  ALBERT  HARRISON  1916-1967 


John  was  born  on  March  10,  1916, 
in  Swifton,  Jackson  County,  Arkan¬ 
sas,  the  son  of  the  Reverend  John 
and  Myrtle  Ivaneaster  Harrison.  As 
the  son  of  a  Methodist  minister,  John 
lived  in  a  number  of  Arkansas  com¬ 
munities  where  his  father  served  as 
pastor.  He  began  his  college  work 
at  Southern  Methodist  University 
but  interrupted  his  studies  during 
1936-1937  to  work  for  Geophysical 
Service,  Incorporated  in  Texas  and 
Venezuela.  In  1940,  he  completed  his 
undergraduate  studies  at  the  Uni¬ 
versity  of  Arkansas  and  received 
the  B.  S.  degree.  The  next  year  he 
spent  at  Prairie  Grove  High  School, 
Arkansas,  as  a  teacher  and  coach. 

In  1941,  John  joined  the  staff  of 
the  Illinois  State  Geological  Survey 
as  a  research  assistant  to  Dr.  G.  H. 
Cady,  Head  of  the  Coal  Division.  In 
1942,  his  work  in  the  Survey  was 
temporarily  interrupted  by  World 
War  II  in  which  he  served  as  a  Lieu¬ 
tenant  in  the  Navy  until  1946.  Dur¬ 
ing  part  of  that  time  he  was  an 
aerology  instructor. 

In  1943,  John  and  Miss  Ernestyne 
Holland  of  Waldron,  Arkansas,  were 
married  in  Little  Rock  by  his  father, 
the  Reverend  John  Harrison.  The 
bride  was  a  member  of  the  Women’s 
Auxiliary  Volunteers  for  Emergency 
Service. 
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In  1946,  John  returned  to  the 
State  Geological  Survey  as  an  assist¬ 
ant  geologist  and  also  entered  the 
University  of  Illinois  from  which  he 
received  the  M.  S.  degree  in  1948. 
He  became  associate  geologist  in  1952 
and  geologist  in  1963. 

His  early  work  at  the  Survey  was 
in  the  areas  of  coal  resource  studies 
and  Pennsylvanian  stratigraphy.  In 
1950,  he  entered  the  field  of  coal 
petrology,  a  field  in  which  he  at¬ 
tained  a  position  of  professional 
prominence  among  his  fellow  work¬ 
ers  throughout  the  world.  His  con¬ 
tributions  aided  materially  in  the 
growth  of  this  field  during  the  last 
decade  in  the  United  States.  Most 
of  his  publications  were  in  this  field 
of  specialization.  Regrettably,  the 
vast  amount  of  data  which  he  was 
developing  was  not  ready  for  pub¬ 
lication  at  the  time  of  his  demise. 
Early  in  January  he  submitted  for 
publication  a  manuscript  dealing 
with  a  fundamental  contribution  on 
nomenclature  of  coal  petrography. 
A  manuscript  prepared  in  collabora¬ 
tion  with  Dr.  Josephus  Thomas  re¬ 
lating  coal  reflectance  to  internal 
surface  measurements  of  coal  was 
soon  to  be  completed. 

John  provided  counsel  for  the 
American  members  of  the  Interna¬ 
tional  Committee  for  Coal  Petrology 
which  was  inaugurated  in  1953 
under  under  the  sponsorship  of  the 
Third  International  Congress  of  Car¬ 
boniferous  Stratigraphy  and  Geol¬ 
ogy  (1951).  Since  1963,  he  has  par¬ 
ticipated  as  a  member  of  the  sub¬ 
committee  of  this  international  or¬ 
ganization  to  develop  standard  meth¬ 
ods  of  analysis  and  has  attended 
meetings  of  this  group  in  Stoke  Or¬ 
chard,  England,  in  1963,  Geleen, 


Netherlands,  in  1964,  and  Madrid, 
Spain,  in  1966. 

During  the  past  few  years  he 
worked  with  a  group  concerned  with 
methods  of  petrographic  analysis  of 
coal  and  on  the  day  of  his  death  was 
working  on  a  final  draft  proposal  in 
connection  with  this  work.  For  the 
past  three  years  he  served  as  Secre¬ 
tary  of  the  Coal  Group  of  the  Geo¬ 
logical  Society  of  America,  a  society 
in  which  he  was  a  Fellow. 

John  was  also  a  member  of  the 
American  Institute  of  Mining,  Met¬ 
allurgical  and  Petroleum  Engineers, 
the  Illinois  Mining  Institute,  the"  Il¬ 
linois  Society  of  Coal  Preparation 
Engineers  and  Chemists,  Sigma  Xi, 
and  the  Illinois  State  Academy  of 
Science.  He  served  as  a  member  and 
as  co-chairman  of  the  Membership 
Committee  of  the  Academy  from 
1958  to  1965  and  as  a  member  of  the 
Planning  Committee  for  three  years. 

John  had  been  and  was  at  the  time 
of  his  death  a  member  of  the  Board 
of  Stewards  of  the  First  Methodist 
Church  of  Champaign  and  a  Sun¬ 
day  School  teacher  in  that  church. 
He  had  served  on  committees  and  as 
a  member  of  the  Board  of  Directors 
of  the  University  Club  and  was  its 
Vice-President  for  the  past  year.  He 
was  also  a  trustee  of  the  Urbana 
Town  Club. 

John  is  survived  by  his  wife  and 
two  daughters — Mrs.  Diane  Busche 
of  Honolulu,  Hawaii,  and  Jill  Har¬ 
rison,  Urbana,  and  by  a  sister, 
Mrs.  Melvin  Wester  of  Nacogdoches, 
Texas. 

The  most  notable  feature  of  this 
man  was  his  great  love  and  pride 
in  his  family.  His  wholesome  traits 
of  character,  which  doubtless  devel¬ 
oped  during  his  childhood  under  the 
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guidance  of  kind,  loving  and  under¬ 
standing  parents  in  the  Methodist 
parsonage,  endeared  him  to  all  who 
knew  him.  John  loved  his  work  and 
he  loved  people.  His  love  of  people 
and  the  kindness  and  understanding 
he  showed  to  them  won  for  him 
countless  friends. 

Articles  and  Abstracts  by 
John  Albert  Harrison 

1951 

Subsurface  geology  and  coal  resources 
of  the  Pennsylvanian  System  in  White 
County,  Illinois:  Ill.  Geol.  Survey  Rept. 
Inv.  153,  50  p. 


1955 

A  technique  for  application  of  the  Ros- 
iwal  method  of  analysis  to  broken  coal 
study:  Ill.  Acad.  Sci.  Trans,  v.  47,  p. 
139-144.  Also  Ill.  Geol.  Survey  Reprint 
Ser.  1955-H. 


1956 

A  coal-discoloration  problem  solved: 
Mechanization,  May,  1956,  p.  79-81.  Also 
Ill.  Geol.  Survey  Reprint  Ser.  1956-F. 

(With  R.  M.  Kosanke)  Coal  micro¬ 
scopy:  transmitted  and  reflected  light 
(Abstract) :  Geol.  Soc.  America  Bull., 
v.  67,  p.  1713. 


1957 

Comparison  of  methods  of  petro¬ 
graphic  analysis  and  their  relation  to 
the  coking  character  of  coal  (Abstract)  : 
Geol.  Soc.  America  Bull.,  v.  68,  p.  1742. 

(With  R.  M.  Kosanke)  Microscopy  of 
the  resin  rodlets  of  Illinois:  Ill.  Geol. 
Survey  Cir.  234,  14  p. 


1958 

Modifications  in  petrographic  compo¬ 
sition  of  coal  charges  and  their  influence 
on  the  resulting  coke  (Abstract) :  Geol. 
Soc.  America  Bull.,  v.  69,  p.  1578. 


(With  C.  E.  Marshall,  J.  A.  Simon,  and 
M.  A.  Parker)  Petrographic  and  coking 
characteristics  of  coal :  Laboratory  study 
of  Illinois  coal  seams  Nos.  5  and  6:  Ill. 
Geol.  Survey  Bull.  84,  120  p. 


1960 

Effect  of  high  carbon  components  and 
other  additives  on  the  character  of 
cokes:  Ill.  Geol.  Survey  Circ.  289,  29p. 


1961 

Coal  petrography  applied  to  coking 
problems:  Proc.  Ill.  Mining  Inst.  69th 
year,  p.  18-46.  Also  Ill.  Geol.  Survey 
Reprint  Ser.  1962-0. 


1962 

(With  C.  E.  Marshall)  Influence  of 
“fusain”  blends  upon  coke  character  of 
Illinois  coals:  Third  Conf.  on  the  Origin 
and  Constitution  of  Coal,  Crystal  Cliffs, 
Nova  Scotia;  Nova  Scotia  Dept,  of  Mines 
and  Nova  Scotia  Res.  Foundation,  p. 
212-226.  Also  Ill.  Geol.  Survey  Reprint 
Ser.  1962-Q. 


1963 

Application  of  coal  petrography  to  coal 
preparation:  Trans.  Soc.  Mining  Engrs., 
v.  226,  p.  346-357.  Also  Ill.  Geol.  Survey 
Reprint  Ser.  1963-Q. 

(With  W.  F.  Berry)  Summary  report 
to  the  Group  on  Coal  Geology  of  Geologi¬ 
cal  Society  of  America  concerning  the 
twelfth  meeting  of  the  International 
Analysis  Committee  of  the  International 
Committee  for  Coal  Petrology  meeting 
at  Stoke  Orchard,  England  on  May  27, 
1963  (mimeographed  report),  46  p. 


1964 

(With  William  Spackman)  Summary 
report  concerning  the  meeting  of  the 
International  Commission  for  Coal  Pe¬ 
trology  meeting  at  Geleen,  Netherlands, 
Sept.  8-10,  1964.  (mimeographed  report), 
75  p. 

(With  H.  W.  Jackman  and  J.  A. 
Simon)  Predicting  coke  stability  from 
petrographic  analysis  of  Illinois  coals: 
Ill.  Geol.  Survey  Circ.  366,  20  p. 
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1965 

Effect  of  moisture  content  on  reflect¬ 
ance  values  of  coal:  Fuel,  v.  44,  May,  p. 
225-228.  Also  Ill.  Geol.  Survey  Reprint 
Ser.  1965-Q. 

Quantitative  study  of  the  oxidation  of 
coal  from  Christian  County,  Illinois 
(Abstract) :  (with  I.  A.  Breger,  G.  J. 
Daniels,  and  W.  F.  Berry)  Geol.  Soc. 
America  Program  1965  Annual  Meeting, 
Nov.  4-6,  p.  17;  also  Geol.  Soc.  America 
Abstracts  for  1965,  Special  Paper  no. 
87,  p.  17,  1966. 

1966 

(With  Josephus  Thomas)  Relation 
between  moisture  content,  reflectance 


values,  and  internal  surface  area  of  coal: 
Fuel,  in  press,  3  p. 


1967 

(With  I.  S.  Latimar)  Petrographic 
composition  and  current  nomenclature  of 
the  constituents  of  bituminous  coal  in 
relation  to  preparation  and  carboniza¬ 
tion:  in  Coal  Preparation,  A.I.M.E. 
Seeley  W.  Mudd  Series,  in  press. 

Desirability  of  expressing  degree  of 
coalification  in  coal  petrology  nomencla¬ 
ture:  (submitted  for  publication  Jan¬ 
uary  7,  1967). 


Manuscript  received  February  18,  196 7. 


AREAL  VARIATIONS  IN  CORN-WEATHER 
RELATIONS  IN  ILLINOIS 


STANLEY  A.  CHANGNON  and  JAMES  C.  NEILL 
Illinois  State  Water  Survey',  TJrbana 


Abstract.  —  Various  statistical  mea¬ 
sures  of  the  relations  between  weather 
factors  and  corn  yields  were  derived  for 
all  counties  in  Illinois.  These  were 
used  to  ascertain  the  existence  of  areal 
variations  and  to  develop  regional  pat¬ 
terns.  Historical  monthly  weather  data 
and  annual  yield  data  for  the  102  Illi¬ 
nois  counties  were  the  basis  of  the  re¬ 
search  that  included  several  single  and 
multiple  regression  analyses.  Technol¬ 
ogy  was  treated  as  a  time  trend  in  the 
analysis. 

July  rainfall  was  found  to  be  the 
single  most  important  weather  factor 
although  in  portions  of  southern  and 
eastern  Illinois  either  July  temperature 
or  August  temperature  achieved  higher 
correlations  with  yields.  Weather  fac¬ 
tors  together  explained  more  than  80% 
of  the  variability  in  yields  in  southern 
Illinois,  but  only  45%  of  the  yield  vari¬ 
ability  in  northern  Illinois.  Regressions 
of  both  technology  and  weather  factors 
with  yields  produced  correlations  great¬ 
er  than  +0.88  in  all  counties. 

Regional  patterns  developed  from  the 
weather-yield  analysis  compared  favor¬ 
ably  with  patterns  of  soil  types, 
droughts,  and  high  temperatures.  One 
such  pattern  delineating  five  areas  of 
different  weather-yield  relations  was 
chosen  to  define  risk  regions  for  crop- 
weather  insurance.  Other  regions  were 
delineated  as  having  essentially  different 
rainfall-yield  relations  and  were  used 
in  a  study  to  determine  irrigation  po¬ 
tential. 


A  desire  for  statistical  measures  of 
the  areal  variability  in  corn  yields 
due  to  weather  factors  in  Illinois  led 
to  a  study  of  corn-weather  rela¬ 
tions  and  how  they  varied  within 
the  state.  Parameters  measuring  this 
areal  variation  were  used  1)  to  es¬ 


tablish  weather-crop  insurance  risk 
areas,  and  2)  to  delineate  areas  with 
different  irrigation  potentials. 

A  key  problem  in  this  study  of 
areal  variability  was  identifying  a 
suitable  analytical  technique  and  a 
source  of  data  appropriate  for  use 
with  the  technique.  Selected  for 
much  of  the  analysis  was  a  procedure 
(Thompson,  1963)  using  multiple 
curvilinear  regressions  based  on  sea¬ 
sonal  and  monthly  temperatures  and 
precipitation,  and  technology  afs  rep¬ 
resented  by  time-trend  analysis. 
Thus,  the  research  was  based  on  the 
assumption  that  corn  yields  are  de¬ 
pendent  on  weather-soil  interactions 
which  can  be  considered  the  ‘natural 
factors’,  on  technology  or  the  man¬ 
made  factors,  and  on  certain  un¬ 
measured  and  random  factors.  Coun¬ 
ty  weather-yield  data  were  used  in 
the  Illinois  analysis,  whereas  Thomp¬ 
son  (1963)  used  data  from  larger 
areas,  states  and  crop-reporting 
districts. 

Data  for  the  study  consisted  of  34 
years  of  corn  yield  data  and  monthR 
and  seasonal  weather  data  deter¬ 
mined  for  each  of  the  102  counties 
in  Illinois.  Yields  from  each  county 
were  individually  correlated  with 
each  of  the  weather  variables  and 
with  time  for  technology.  In  addi¬ 
tion,  multiple  regressions  were  per¬ 
formed  for  all  weather  variables  and 
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technology  to  produce  patterns  ex¬ 
pressing  corn-weather  relations. 

The  varying  degrees  of  statistical 
association  between  weather  and  corn 
yields  were  used  to  define  regions  of 
different  weather  risk  for  insurance 
applications.  These  regions  were 
compared  with  more  commonly  avail¬ 
able  patterns,  such  as  July  rainfall, 
to  find  which  pattern  correlated  best, 
and  thus  could  be  used  to  provide  the 
areal  patterns  of  weather-yield  risk 
in  other  Corn  Belt  states.  A  pattern 
based  on  the  county  coefficients  of 
variation  of  yields  was  found  to 
compare  best  with  the  risk  map  de¬ 
veloped  from  corn  yields  in  Illinois. 

Areal  variation  in  the  relation¬ 
ships  between  corn  yields  and  July- 
August  rainfall  amounts  was  also 
investigated.  The  results  of  regres¬ 
sion  analyses  indicated  the  existence 
of  12  regions  within  Illinois,  each 
with  essentially  different  July- Au¬ 
gust  rainfall-yield  relationships. 
These  findings  were  used  in  a  study 
to  determine  potential  water  needs 
for  future  irrigation  in  Illinois. 

Data  and  Analysis 

Yield  data  used  in  the  study  consisted 
of  annual  county  corn  yields  for  the 
1930-1963  period  reported  by  the  Illinois 
Crop  Reporting  Service.  Weather  data 
used  for  each  county  represented  the 
following  eight  variables:  preseason 
precipitation  (September  through  May), 
May  mean  temperature,  June  rainfall, 
June  mean  temperature,  July  rainfall, 
July  mean  temperature,  August  rainfall, 
and  August  mean  temperature.  Each 
seasonal  and  monthly  weather  value  was 
an  average  of  the  data  from  all  the 
weather  stations  within  each  county. 
When  no  data  were  available  within  a 
county,  estimations  were  made  using 
data  from  all  weather  stations  sur¬ 
rounding  the  county. 

Each  county  weather  variable  and 
technology  were  individually  regressed 


with  yields.  Simple  linear  correlation 
coefficients  were  determined  for  temp¬ 
erature  variables  and  technology.  Curvi¬ 
linear  correlation  indices  were  calcu¬ 
lated  for  precipitation  variables.  Maps 
of  the  county  coefficients  and  indices 
were  made  to  delineate  areal  variations 
of  these  relationships. 

Multiple  regression  analyses  of  yield 
versus  weather  variables  and  technology 
were  performed.  In  these  analyses,  a 
technology  effect  was  determined  in  a 
manner  recently  suggested  by  Thomp¬ 
son  (1966).  To  develop  a  measure  of  the 
effect  of  technology  on  yields  and  the 
changes  in  corn  yields  due  to  techno¬ 
logical  advances,  two  sets  of  ‘dummy 
numbers’  were  employed.  The  first  set 
represented  the  general  trend  of  tech¬ 
nology  in  the  1930-1957  period,  and  the 
second  set  expressed  an  accelerated  tech¬ 
nology  effect  since  1958.  These  dummy 
variables  were  scaled  to  known  large 
advances  or  changes  in  technological 
practices  and  were  included  as  linear 
terms  in  the  regression  equations. 

Statistical  techniques  using  results 
from  the  multiple  regression  analyses 
were  employed  to  determine  values  that 
would  provide  a  measure  of  the  county 
yield  variation  explained  by  all  eight 
weather  variables  or  by  technology.  For 
instance,  regression  and  analysis  of  var¬ 
iance  techniques  were  used  to  separate 
the  variance  (standard  deviation 
squared)  of  the  county  corn  yields  into 
a  portion  primarily  explained  by  weather 
values  and  an  unexplained  portion  as¬ 
sociated  with  technological  and  random 
factors.  A  county  index  of  variation  was 
obtained  by  taking  the  square  root  of 
the  variance  explained  by  regression  for 
each  county,  dividing  by  the  county 
mean  yield,  and  expressing  the  resulting 
ratio  as  a  percentage.  The  index  can 
perhaps  be  visualized  more  directly  as 
the  product  of  the  correlation  coefficient 
and  the  coefficient  of  variation.  This 
type  of  index  was  used  to  compare  corn 
yield  response  to  weather  variables  and 
to  technology  among  counties  and  to 
derive  regional  patterns. 

Relations  Between  Yields  and 
Individual  Factors 

July  rainfall  and  yields.  For  each 
county,  the  mathematical  relationship  of 
corn  yield  to  July  rainfall  was  examined 
by  comparing  the  fit  of  equations  of 
linear,  quadratic,  and  cubic  forms  with 
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the  July  rainfall  and  corn  yield  data. 
Interestingly,  the  102  best-fit  curves  as¬ 
sumed  many  different  shapes,  but  each 
could  be  classed  generally  as  being  in 
one  of  seven  different  basic  types.  The 
seven  types  of  best-fit  curves  are  illus¬ 
trated  in  Figure  1  by  curves  from  spe¬ 
cific  counties. 

The  most  common  form  of  best-fit 
curve  was  the  quadratic,  which  is  shown 
for  Stark  County  and  was  found  for 
42  counties.  Maximum  yields  occurred 
with  July  rainfall  totals  ranging  from 
6.0  to  8.5  inches,  and  low  yields  occurred 
with  either  too  much  or  too  little  rain¬ 
fall. 

Other  versions  of  quadratic  relation¬ 
ships  are  represented  by  the  curves  for 
Calhoun  and  Jackson  Counties.  Counties 
with  these  types  of  curves  occurred  in 
distinct  geographical  regions  with  simi¬ 
lar  soil  conditions  suggesting  that  each 
type  was  the  result  of  specific  soil-water 
relations.  The  counties  with  a  cubic  fit, 
as  illustrated  by  the  curve  for  Mason 
County,  all  had  large  amounts  of  sandy 
soils. 

The  curves  illustrated  by  Williamson, 


Adams,  and  Lawrence  (Fig.  1)  were  ob¬ 
tained  in  counties  where  the  34-year 
sample  of  July  rainfall  was  considered 
inadequate.  The  cubic  relations  with 
double  peaks  illustrated  by  Lawrence 
and  Adams  Counties  were  found  for 
counties  where  one  very  high  July 
amount  had  occurred  but  where  the  sec¬ 
ond  highest  amount  was  relatively  low 
which  produced  a  cubic  fit  rather  than 
a  quadratic.  Similarly,  the  linear  curves, 
illustrated  by  Williamson  County,  may 
have  resulted  because  these  counties  had 
not  experienced  an  extremely  high  July 
rain. 

These  curves  of  Figure  1  were  pre¬ 
sented  to  illustrate  that  areal  variations 
in  the  July  rainfall-yield  relations  do 
exist.  However,  certain  curves  also  re¬ 
veal  that  inadequate  sampling  in  some 
areas  can  produce  apparently  erroneous 
results.  In  general,  the  data  indicate 
that  the  relationship  between  corn  yields 
and  July  rainfall  is  quadratic,  but  that 
geographic  areas  within  the  state  ex¬ 
hibit  identifiably  different  forms  of  this 
relationship. 

Patterns  of  association.  Shown  on 


Figure  1. — Seven  types  of  best-fit  curves  for  corn  yields  and  July  rainfall 
illustrated  by  selected  counties. 
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A.  CORRELATION  INOICES  FROM  JULY  RAMFALL 


B.  CORRELATION  COEFFICIENTS  FROM  JULY  MEAN 
TEMPERATURE 


-a* 


-a* 


C.  CORRELATION  COEFFICIENTS  FROM  AUGUST  MEAN 
TEMPERATURE 

Figure  2. — Iso-coefficient  patterns  based  on  correlations  between  corn  yields 
and  various  county  factors. 
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Figure  2  are  the  correlation  patterns 
for  the  three  monthly  weather  variables 
found  to  be  most  important  in  explaining 
yields:  July  rainfall,  July  temperature, 
and  August  temperature.  Since  July  rain¬ 
fall  has  a  curvilinear  association  with 
yields,  correlation  indices  were  calcu¬ 
lated  for  a  quadratic  form  of  relation¬ 
ship.  The  resulting  pattern  of  indices 
appears  on  Figure  2A.  These  indices 
ranged  from  a  low  of  0.25  in  three  areas 
to  a  high  of  0.71  in  western  Illinois. 
Thus,  July  rainfall  values  considered 
alone  explained  between  80%  and  50%  of 
the  variation  in  corn  yields  in  Illinois. 
Throughout  much  of  Illinois  July  rain¬ 
fall  totals  account  for  more  than  25% 
of  the  variability  in  yields. 

The  correlation  coefficients  derived 
from  linear  regressions  of  yields  with 
July  temperatures  and  with  August 
temperatures  were  used  to  construct  the 
patterns  in  Figures  2B  and  2C.  July 
temperature  is  well  correlated  negatively 
with  corn  yields  in  western  and  south- 
central  Illinois  where  July  rainfall  was 
also  well  correlated  with  yields,  which  is 
to  be  expected  because  of  the  frequent 
inverse  relationship  between  rainfall 
and  temperature.  However,  there  are 
several  areas,  such  as  northwestern  Illi¬ 
nois,  where  July  temperature  is  corre¬ 
lated  to  a  much  higher  degree  with 
yields  than  is  July  rainfall.  Linear  cor¬ 
relations  for  August  temperature  and 
yields  were  also  negative,  but  the  mag¬ 
nitudes  of  the  associations  were  not  as 
large  as  those  obtained  for  either  July 
temperature  or  rainfall. 

Technology  values,  as  determined 
from  a  linear  time-trend  analysis,  were 
correlated  with  the  county  corn  yields. 
Simple  linear  correlation  coefficients 
ranged  from  -fO.65  to  -(-0.92  indicating 
that  technology  defined  in  this  manner 
explained  between  42%  and  85%  of  the 
variability  in  country  corn  yields.  A  pat¬ 
tern  created  from  a  plot  of  the  county 
correlations  of  technology  with  yields  is 
presented  in  Figure  2D. 

Regional  Patterns  Derived  from 
Multiple  Regressions 

For  each  county,  multiple  curvilinear 
regressions  were  performed  for  all  eight 
weather  variables  and  corn  yields.  The 
pattern  based  on  the  county  multiple 
correlation  coefficients  is  shown  in 
Figure  3.  The  coefficients  ranged  from 
0.65  in  extreme  northern  Illinois  coun¬ 
ties  to  0.93  in  several  counties  in  south- 


Figure.  3. — Iso-coefficient  pattern  for 
multiple  regressions  of  weather  and  corn 
yields. 


central  and  extreme  southern  Illinois. 
Thus,  the  eight  weather  variables  ex¬ 
plained  between  42%  and  86%  of  the 
variability  in  corn  yields.  Most  counties 
in  the  southern  half  of  the  state  had 
correlations  above  0.80  indicating  that 
the  weather  factors  explained  more  than 
65%  of  the  variability. 

Regressions  of  both  the  technology 
and  weather  factors  with  corn  yields 
produced  correlation  coefficients  above 
0.88  in  all  counties.  In  70%  of  the  coun¬ 
ties  these  factors  explained  more  than 
88%  of  the  variability  in  yields.  The 
unexplained  variation  can  be  attributed 
to  random  factors,  or  to  weather-soil 
and  technology  factors  not  included  in 
the  equation. 

For  the  purpose  of  identifying  regions 
of  different  crop-weather  risk,  a  county 
statistic  which  combined  the  associa¬ 
tion  (multiple  correlation)  of  yield  and 
weather  with  a  measure  of  the  variation 
in  county  yields  was  preferred.  The 
index  of  variation  described  in  the  data 
analysis  section  was  chosen.  This  index 
of  variation  provides  a  measure  of  coun¬ 
ty  yield  variability  due  to  the  eight 
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weather  factors  expressed  as  a  percent 
of  county  mean  yields. 

These  county  indices  ranged  from  a 
low  of  8%  to  a  high  of  38%  of  the 
county  mean  yields.  The  indices  were 
sorted  into  five  groups  with  approxi¬ 
mately  equal  numbers  of  counties  in 
each  group,  and  the  resulting  pattern 
appears  on  Figure  4.  Group  1  comprises 
counties  in  which  weather  factors  ex¬ 
plained  between  29  and  38  percent  of  the 
mean  yields.  Comparison  of  the  location 
of  these  counties  with  a  map  of  Illinois 
soil  types  (Fig.  5A)  revealed  that  the 
soils  in  these  counties  are  mostly  slowly 
permeable  and  thin  (Wascher,  et  al., 
1950).  As  shown  in  Figures  5B  and  5C, 
these  counties  are  also  in  the  area  of 
the  state  where  6-month  precipitation 
droughts  are  most  frequent  and  severe 
(Huff  and  Changnon,  1963).  The  aver¬ 
age  annual  number  of  days  with  tem¬ 
peratures  of  90  degrees  or  higher  is 
greatest  in  this  same  area  (Fig.  5D). 
Yields  in  an  area  having  soils  of  low 
moisture  holding  capacity  and  frequent 
severe  droughts  and  extreme  tempera¬ 
tures  should  be  quite  affected  by  weather, 


Figure  4. — Variability  of  corn  yields 
attributed  to  weather  (soil)  factors  ex¬ 
pressed  as  a  percent  of  county  mean 
yields. 


and  the  results  substantiate  this. 

At  the  other  end  of  the  variability 
scale  are  the  counties  of  group  5  in 
which  weather  conditions  explained  only 
8%  to  14%  of  the  variability  in  corn 
yields.  Most  of  these  counties  are  in 
northwestern  Illinois  (Fig.  4)  and  have 
thick,  moderately  permeable  soils  that 
are  generally  drought  resistant.  Most 
of  the  counties  in  groups  4  and  5,  which 
reflect  the  least  effect  of  weather  on 
yields,  are  located  in  northern  Illinois 
where  high  temperatures  are  least  fre¬ 
quent  (Fig.  5D)  and  droughts  are  not 
as  frequent  nor  as  severe. 

Certain  regional  anomalies  appear  on 
Figure  4.  One  of  these  is  a  3-county 
area  in  northeastern-central  Illinois 
classed  in  group  2,  a  group  with  a  rela¬ 
tively  strong  weather-yield  response. 
The  soils  (Fig.  5A)  in  these  three  coun¬ 
ties  are  either  permeable,  droughty 
sands,  or  are  thin  and  slowly  permeable 
clayloams.  Both  soils  are  generally  in¬ 
capable  of  providing  adequate  soil  mois¬ 
ture  during  dry  periods.  Drought  char¬ 
acteristics  and  temperature  extremes  in 
these  three  counties  are  no  more  severe 
or  frequent  than  in  surrounding  coun¬ 
ties,  so  the  stronger  weather-yield  re¬ 
lationship  in  this  area  is  largely  a  result 
of  the  soil  conditions. 


Uses  of  Weather-Yield  Patterns 

This  research  concerning  the  areal 
variation  in  weather-yield  relations  was 
initiated  to  provide  answers  for  two 
specific  problems.  One  of  these  con¬ 
cerned  development  of  risk  regions  for 
crop-weather  insurance  applications 
(Changnon,  1966).  The  other  problem 
concerned  identifying  regions  with  dif¬ 
fering  potentials  for  corn  irrigation  as 
reflected  by  different  rainfall-yield  re¬ 
lations. 

Insurance  applications.  The  research 
concerning  insurance  applications  had 
two  objectives.  The  first  was  to  identify 
regions  of  essentially  different  crop- 
weather  relations  with  the  goal  of  using 
these  as  a  measure  of  risk  due  to  weath¬ 
er.  The  numerical  differences  between 
these  regions  also  might  serve  as  mea¬ 
sures  of  the  differences  in  possible  rate 
values.  The  second  objective  was  to 
establish,  through  comparisons  with 
other  more  readily  available  weather  or 
crop  patterns,  a  pattern  that  would 
correlate  well  with  the  regional  risk 
map.  If  a  well-correlated  pattern  could 
be  found,  then  that  type  of  pattern  could 
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A.  GENERALIZED  SOIL  TYPE  AREAS  IN  ILLINOIS 


B.  NUMBER  OF  TIMES  A  6-MONTH  DROUGHT  CENTERED 
IN  EACH  CROP-REPORTING  DISTRICT,  1906-1965 


C.  PRECENT  OF  NORMAL  6-MONTH  PRECIPITATION  EX¬ 
PECTED  ONCE  IN  25  YEARS 


0.  ANNUAL  AVERAGE  NUMBER  OF  DAYS  WITH  MAXIMUM 
TEMPERATURE  OF  90  DEGREES  OR  HIGHER 


Figure  5. — Patterns  of  soils,  droughts,  and  high  temperatures. 
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be  used  to  delineate  risk  regions  in 
other  Corn  Belt  states  without  repeat¬ 
ing  the  time-consuming  analysis  pursued 
in  Illinois. 

The  regional  pattern  shown  on  Figure 
4  was  chosen  as  a  best  measure  of  risk 
regions  in  Illinois.  Each  of  the  five 
groups  was  identified  as  a  different  risk 
region.  Thus,  all  counties  in  group  1 
would  have  the  same  insurance  risk 
since  their  risk  due  to  weather  is  com¬ 
parable.  Differences  in  the  mean  per¬ 
centages  (Fig.  4)  calculated  for  each 
of  the  five  groups  were  used  to  provide 
a  possible  measure  of  rate  differences 
between  the  regions.  Group  5  (lowest 
risk)  was  assigned  a  value  of  1.0  for 
risk  rating  (1.0  =  11%),  and  the  means 
were  compared  to  this  base  value.  The 
risk  value  for  counties  in  group  4  is  1.55 
times  as  great;  that  for  group  3  is  2.0; 
that  for  group  2  is  2.36;  and  that  for 
group  1  is  3.0  times  as  great. 

The  risk  map  (Fig.  4)  was  compared 
with  several  other  patterns  including 
those  for  individual  weather  conditions 
and  yield  maps.  These  comparisons 
revealed  that  a  pattern  based  on  the 
coefficient  of  variation  of  corn  yields 
(Swanson,  1957)  was  in  good  agreement 
with  the  risk  pattern.  The  pattern  based 
on  the  coefficient  of  variation  of  corn 
yields  shown  on  Figure  6  is  very  simi¬ 
lar  to  the  pattern  in  Figure  4.  This 
suggests  that  crop-weather  risk  regions 
in  other  Corn  Belt  states  could  be  es¬ 
tablished  using  similar  maps  of  the  co¬ 
efficient  of  variation  of  corn  yields. 

Irrigation  applications.  To  provide 
answers  on  the  water  requirements  re¬ 
lated  to  the  potential  development  of 
corn  irrigation  in  Illinois,  a  method 
was  devised  using  the  county  weather- 
yield  regression  results  and  the  growing 
season  weather  as  determined  from  long¬ 
term  records.  The  objective  in  this  case 
was  to  provide  an  estimate  of  annual 
irrigation  water  needs  for  maximum 
corn  yields  expressed  as  a  frequency 
of  occurrence  for  all  crop-land  in  the 
state.  Such  an  engineering  expression 
of  specific  yield  increases  related  to 
water  needs  was  considered  an  essential 
input  in  the  current  statewide  plan¬ 
ning  for  future  water  resources. 

The  data  used  in  most  methods  for 
estimating  irrigation  water  needs  are 
usually  measurements  of  radiation,  evap- 
otranspiration,  and  soil  moisture.  Un¬ 
fortunately,  such  data  are  not  available 
for  most  areas,  and  hence  an  empirical 
approach  using  the  widely  available  pre¬ 
cipitation  and  temperature  data  was 


Figure  6. — Coefficient  of  variation  of 
corn  yields. 


devised.  The  first  phase  of  the  research 
was  to  determine  for  each  of  the  102 
counties  the  response  between  yields  and 
the  July  and  August  rainfall  which  are 
the  most  critical  rainfall  amounts  in 
corn  production.  A  regression  using 
July  plus  August  rainfall  was  performed, 
and  indices  of  variation  were  derived 
in  the  manner  previously  described. 
These  indices  suggested  12  regions  (Fig. 
7)  of  specifically  different  rainfall-yield 
relations.  Although  some  of  the  regions 
had  indices  of  similar  magnitude,  such 
as  regions  labeled  1  and  3,  they  were 
considered  as  separate  entities  because 
of  their  geographical  separation  and 
known  areal  differences  in  the  variabil¬ 
ity  of  July-August  rainfall. 

The  second  phase  of  the  irrigation  re¬ 
search  was  the  calculation  of  weather- 
yield  regression  equations  for  each  of 
the  12  regions.  Data  used  in  these  re¬ 
gressions  included  the  eight  weather  fac¬ 
tors,  technology  factors,  and  yields.  In 
the  third  phase,  long-term  weather  rec¬ 
ords  in  each  region  were  summarized  to 
ascertain  the  basic  types  of  growing  sea¬ 
son  weather  that  occurred  over  the  past 
65  years.  The  number  of  basic  weather 
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Figure  7. — Regions  of  July  and  Au¬ 
gust  rainfall-yield  relations  used  in  ir¬ 
rigation  calculations. 


types  ranged  from  a  low  of  12  in  one  re¬ 
gion  to  a  high  of  20  in  a  few  regions.  The 
number  of  years  that  experienced  each 
of  the  identified  seasonal  weather  types 
was  expressed  as  a  frequency  of  occur¬ 
rence  for  the  total  period  of  record.  The 
actual  weather  data  for  the  years  classed 
in  each  weather  type  were  averaged  to 
produce  numerical  values  of  temperature 
and  rainfall  representative  of  each 
weather  type. 

In  the  final  phase  of  the  irrigation 
research,  these  average  seasonal  weather 
values  were  inserted  in  the  regional  re¬ 
gression  equation  to  calculate  the  yields 
that  would  result  from  each.  Then  for 
each  weather  type,  the  July  rainfall 
total  entered  in  the  equation  was  sys¬ 
tematically  increased,  while  holding  all 
other  variables  constant  at  their  aver¬ 
age  value,  to  calculate  the  maximum 
yield.  The  August  totals  were  also  in¬ 
creased  in  the  equation  but  with  the 
optimum  July  rainfall  previously  cal¬ 
culated.  The  difference  between  the 
average  July-August  rainfall  and  that 
needed  for  maximization  of  yields  was 
then  calculated  for  each  seasonal  weath¬ 


er  type.  Since  the  frequency  of  the 
weather  types  had  been  established,  the 
frequency  of  water  differences,  or  de¬ 
mands,  was  also  known  for  each  region. 

The  results  obtained  for  regions  10 
and  11  (Fig.  7)  are  shown  in  Table  I. 
Region  10  in  northern  Illinois  is  in  the 
area  that  has  been  shown  to  have  yields 
with  relatively  little  variation  due  to 
weather  (Figs.  1  and  4).  In  this  region, 
increases  of  7%  to  8%  are  possible  with 
4.2  inches  of  added  water  in  the  July- 
August  period  in  5  years  out  of  20, 
whereas  in  region  11,  4.2  inches  of  added 
water  will  increase  yields  anywhere 
from  25%  to  31%  in  4  of  20  years. 


Table  1. — Frequency  of  Water  Demands 
and  Related  Percentage  Increases  Associated 
with  Maximum  Corn  Yields  During  an  Aver¬ 
age  20-Year  Period. 


Frequency, 

Yield  Increase, 

Water  required, 

years 

percent 

inches 

Region  10 

(North) 

5 

7-8 

4.2 

1 

6 

3.8 

2 

4 

3.1 

6 

1-2 

1.8 

6 

0 

0 

Region  11 
(South-Central) 

4 

37-49 

4.8 

4 

25-31 

4.2 

4 

13-20 

3.5 

3 

8-10 

2.8 

1 

1-5 

1.0 

4 

0 

0 

Conclusions 

This  research  has  identified  and 
measured  the  areal  variations  of 
practical  importance  in  weather- 
yield  relations  in  Illinois.  An  ex¬ 
pression  employed  to  measure  these 
areal  variations  in  yield  due  to 
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weather  factors  produced  results 
that  compared  favorably  with  data 
on  soils,  droughts,  and  temperature 
extremes. 

When  yields  were  correlated  with 
technology  based  on  time  trends,  it 
was  found  that  technological  factors 
alone  explained  between  50%  and 
80%  of  the  variability  in  corn  yields. 
However,  weather  factors  analyzed 
separately  also  were  shown  to  ex¬ 
plain  between  50%  and  80%  of  the 
yield  variations.  Thus,  there  is  con¬ 
siderable  interaction  between  tech¬ 
nological  factors  and  the  weather 
factors.  Multiple  correlations  of 
technology  plus  weather  factors  with 
corn  yields  indicated  that  together 
they  explained  more  than  80%  of  the 
yield  variations  in  all  counties. 

Yields  in  south-central  Illinois 
were  found  to  have  a  stronger  re¬ 
lationship  with  weather  than  those 
elsewhere.  The  weakest  weather- 
yield  relations  were  found  in  north¬ 
ern  Illinois.  July  rainfall  and  July 
temperature  were  found  to  be  more 
highly  correlated  with  corn  yields 
than  any  of  the  other  six  weather 
variables. 

The  pattern  of  yield  variability  at¬ 
tributable  to  weather  factors  was 
used  to  identify  possible  risk  regions 
for  crop  insurance  applications.  Nu¬ 
merical  differences  in  the  variability 
indicated  that  counties  in  south-cen¬ 
tral  Illinois  had  weather-yield  risk 
values  that  were  three  times  as  great 
as  those  for  counties  in  northern  Il¬ 
linois.  This  risk  pattern  for  Illinois 
was  found  to  be  well  correlated  with 
a  pattern  based  on  the  county  coeffi¬ 
cients  of  variation  of  corn  yields. 
Hence,  coefficient  of  variation  pat¬ 
terns,  which  can  be  determined  more 
easily  than  the  risk  pattern,  could 


be  used  to  map  risk  regions  in  other 
states. 

The  country  measures  of  yield  var¬ 
iability  due  to  July- August  rainfall 
were  used  as  input  into  a  method 
developed  to  determine  water  re¬ 
quirements  for  future  corn  irrigation 
in  Illinois.  These  measures,  or  vari¬ 
ability  indices,  indicated  there  were 
12  regions  in  Illinois  with  different 
yield-rainfall  characteristics. 
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Abstract  —  A  new  symbolic  computer 
program  is  developed  to  expand  a  de¬ 
terminant  containing  literal  symbols  in¬ 
stead  of  numbers.  The  program  is  ex- 
amplified  with  an  application  to  a  quan¬ 
tum  mechanical  treatment  of  Li,.  A  card 
sorter  is  used  to  perform  the  integration 
over  spin  coordinates. 


In  the  treatment  of  multi-electron 
problems  by  the  techniques  of  quan¬ 
tum  chemistry,  the  total  wave  func¬ 
tion  is  often  written  in  terms  of  a 
determinant.  If  the  order  of  the  de¬ 
terminant  is  greater  than  three,  i.e. 
if  the  problem  contains  four  or  more 
electrons,  the  algebraic  expansion  is 
extremely  tedious.  Further,  there 
occurs  a  simplification  due  to  sym¬ 
metry  but  the  process  of  classifying 
each  term  of  the  expansion  (N ! 
terms  where  N  is  the  number  of  elec¬ 
trons)  is  a  second  tedious  process. 
The  essence  of  the  expansion  method 
is  given  by  Slater  (1963). 

The  purpose  of  this  note  is  to  pre¬ 
sent  a  computer  program  which  elim¬ 
inates  the  necessity  of  a  worker  in 
quantum  chemistry  performing  the 
tedious  and  repetitious  steps  de¬ 
scribed  above.  A  second  noteworthy 
feature  is  that  the  present  work 
adapts  a  computer  designed  for  nu¬ 
merical  work  to  a  problem  using  only 
abstract  symbols.  That  is,  numerals 
are  used  for  symbols. 


The  interest  in  the  burgeoning  field 
of  computerized  algebra  is  evidenced 
by  the  size  of  a  recent  symposium 
(Salton,  1966)  devoted  to  this  sub¬ 
ject.  As  indicated  therein,  the  field 
originated  circa  1953  and  the  two 
largest  areas  of  interest  are  differ¬ 
entiation  and  polynomial  manipula¬ 
tion.  The  present  work  represents  a 
small  contribution  to  one  of  the  less 
popular  areas. 

Experimental 

A  test  program  was  written  to  be  used 
in  conjunction  with  a  quantum  mechani¬ 
cal  treatment  of  a  six-electron  problem. 
For  example,  this  program  would  be  use¬ 
ful  in  a  complete  valence  bond  treatment 
of  the  Li,  molecule  which  was  previously 
considered  in  a  two-electron  approxima¬ 
tion  (Musulin,  1963). 

As  a  notational  convention  it  is  as¬ 
sumed  that  Li,  is  composed  of  two  fixed 
nuclei,  a  and  b,  about  which  are  six 
electrons,  numbered  1  through  6.  It  is 
further  assumed  that  the  wave  function 
for  a  single  valence  bond  structure  is 
composed  of  products  of  terms  which  in¬ 
dividually  represent  a  single  electron  on 
a  single  nucleus.  The  spatial  portion  of 
the  atomic  wave  function  is  represented 
by  the  latin  letter  referring  to  the  given 
nucleus  and  a  numerical  subscript  is 
used  to  designate  the  particular  electron 
which  is  being  represented.  An  upper 
case  letter  is  used  to  designate  2s  atomic 
orbitals  and  a  lower  case  letter  is  used 
to  designate  Is  atomic  orbitals.  A  bar 
is  placed  over  the  letter  to  indicate  that 
the  electron  has  an  ms  quantum  number 
-y2,  beta  spin,  while  the  absence  of  a 
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bar  indicates  an  ms  value  of  +  %,  alpha 
spin. 

For  example: 


ax  — >  *is  (1)  a  (1) 

a 


B3  — >  >k2s  (3)  jS  (3) 

b 

The  determinantal  wave  function  for 
a  single  valence  bond  structure  is  rep¬ 
resented  by  its  main  diagonal  elements. 
A  typical  function  is 


T  i  = 


1 


V  6! 


ax  a2  A3  b4  b5  B0 


(1) 


where  the  vertical  bars  imply  a  determi¬ 
nant  and  the  factor  IV  6!  is  a  normaliz¬ 
ing  factor.  If  no  other  valence  bond 
structure  is  involved,  the  energy  Ex  is 
given  by 

Hn 

Ex  =  - 

Sn 

(2) 


where 


Hn  — J*|ax  a2  A.3  b4  bs  B6| 

IH  |a4  a2  A3  b4  b5  B6|  dr/720 

Sn  — f  |  a4  a2  A3  b4  bs  B6| 

|a4  a„  A3  b4  b5  Be|  dr/720 

(3) 


Hence,  in  both  Hn  and  Sn,  the  ortho¬ 
normality  of  the  spin  functions  will 
cause  many  of  the  6!  terms  to  vanish. 
Thus,  the  ultimate  goal  is  to  obtain  a 
computer  program  which  will  correctly 
yield  each  of  the  6!  terms  of  the  de¬ 
terminant,  multiply  each  of  the  terms 
so  obtained  by  the  single  term  immedi¬ 
ately  following  the  integral  sign  in 
Equations  (4),  and  correctly  select  the 
subset  of  the  6!  terms  which  has  nonzero 
elements  after  integration  over  the  spin 
coordinates. 

Two  adjustments  must  be  made  in 
order  to  substitute  a  digital  computer  for 
a  human  algebraist.  First,  the  machine 
can  only  operate  with  numbers,  not  lit¬ 
eral  abstractions.  Secondly,  the  permu¬ 
tation  process  must  be  replaced  with 
arithmetical  operations.  The  first  adjust¬ 
ment  is  easily  made  by  allowing  each 
spin  orbital  to  be  replaced  by  a  number, 
e.g.  ax  —  1,  a2  —  2,  etc.  This  new  no¬ 
tation  yields  a  new  form  of  Equations 
(4). 

Hn  =  J(1  2  3  4  5  6) 

I  H  |1  2  3  4  5  6|  dr 


Su  =  J(1  2  3  4  5  6) 
|1  2  3  4  5  6|  dr 


(5) 


The  multiplication  under  the  integral 
sign  in  Sn  becomes 

( ax  a2  A3  b4  b5  B0)  (a4  a2  A3  b4  b5  B0 — 

a4  a2  A3  b4  b5  B0  +  .  .  . ) 


and  |H  is  the  Hamiltonian  operator.  The 
use  of  Slater’s  (1963)  method  allows 
Equation  (3)  to  be  rewritten 

Hn  — J  (ax  a2  A3  b4  b3  B0) 

I  H  |a4  a2  A3  b4  b5  B0|  dT 


Sn  — J  (a4  a2  A3  b4  b5  B6) 
j  ax  a<>  A3  b4  bg  B0|  dr 

(4) 

In  other  words,  taking  into  account  the 
result  of  integration  after  permuting  the 
individual  terms  reduces  the  problem 
from  one  finding  (6!)2  terms  to  one  of 
finding  6!  terms. 

In  the  usual  chemical  application,  the 
Hamiltonian  contains  no  spin  terms. 


=  (1  2345  6)  (1  2345  6-1  2 

3  4  6  5  +  ...) 

(6) 

The  integration  is  then  performed  term 
by  term,  viz. 

Sn  —  Jax  a4  dn  J*a2  a2  dr2 

JA3  A3  dr3  Jb4  b4d  T  4 
Jb5  b5  dr5  JB0  Be  dro 

—  Jax  axdrx  J"a2  a2  dr2 
JA3  A3dr3  J"b4  b4  dri 
/t)5  B5  drs  JB6  b0  dro 
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In  the  new  notation  Sn  is  written 
Su  =  J11  dn  S2  2  dn> 

J3  3  dT3  J4  4  dT4 
J5  5  dT5  J*6  6  dT6 

—  J1  1  dn  /  2  2  dro 

J3  3  dr3  J4  4  dj4 
J5  6  dT6  J*6  5  dxe 
+  •  •  • 

(8) 

Finally,  for  convenience  the  operator 
J  dxi  is  replaced  by  (  ,  )  where  the 
comma  separates  the  two  spin  orbitals. 
Then  Equation  (8)  becomes 

Sn  =  (1,1)  (2,2)  (3,3)  (4,4)  (5,5)  (6,6) 
-  (1,1)  (2,2)  (3,3)  (4,4)  (5,6)  (6,5) 


Although  Equation  (9)  yields  Sn  as 
defined  in  Equation  (3),  the  program  is 
completely  general.  In  this  example, 

(1,1)  represents  (a^ad  but  if  1  is  taken 
to  represent,  say,  B5,  then  (1,1)  repre¬ 
sents  (B5,B5).  Thus,  interpretation  of 
the  output,  depends  upon  the  initial 
defining  list  established  by  the  re¬ 
searcher. 

The  entire  program  was  written  in 
FORTRAN  II  (IBM,  1962).  The  pro¬ 
gram  is  given  in  the  Appendix  including 
comment  cards  to  indicate  the  general 
purpose  of  each  section  of  the  program. 
The  program  was  used  on  an  IBM  1620 
computer  with  40K  storage.  A  monitor 
IBM  PR  025  was  used.  The  input  was 
by  means  of  punched  IBM  cards  which 
were  prepared  on  an  IBM  026  key  punch. 
The  printed  output  was  obtained  with 
an  IBM  407  machine. 

The  second  portion  of  the  project  is 
to  select  the  nonzero  terms  which  re¬ 
main  after  an  integration  over  spin 
coordinates.  This  selection  was  per¬ 
formed  with  the  aid  of  an  IBM  082  card 
sorter. 

The  wave  function  in  Equation  (1) 
has  three  terms  with  alpha  spin  and 
three  terms  with  beta  spin.  There  are 
twenty  ways  that  six  objects  (atomic 
wave  functions)  can  be  sorted  into  two 
groups  of  three  (alpha  spin  and  beta 


spin)  (Britton  and  Snively,  1954).  As 
an  example,  Cl  and  C2  represent  two  of 
the  possible  twenty  groups. 

Cl  =  /3  /3  /3  a  a  a  C2  =  f3  (3  a  /3  a  a 

(10) 

Each  of  the  groups  in  Equations  (10) 
can  be  formed  in  different  ways.  In  fact, 
the  total  number  of  ways  will  be  the 
total  number  of  ways  of  permuting  the 
three  beta  spins  (3!)  multiplied  by 
the  total  number  of  ways  of  permuting 
the  three  alpha  spins  (3!)  (Britton  and 
Snively,  1954).  That  is,  each  group  will 
have  thirty-six  elements.  Some  of  the 
possibilities  in  the  groups  Cl  and  C2  of 
Equations  (10)  are 

Cl  C2 

341256  136425 

143265  415326 


where  the  numbers  define  the  same  spin 
orbitals  as  in  the  illustrative  calculation 
of  Sn.  For  Cl,  the  card  sorter  is  used 
to  obtain  all  cards  which  have  1,  3,  or 
4  in  the  position  following  the  comma 
in  the  first  (  ,  ).  Then,  of  this  sub¬ 
group,  the  sorter  is  again  used  to  ob¬ 
tain  all  cards  which  have  1,  3,  or  4  in 
the  position  following  the  comma  in  the 
second  (  ,  ) .  The  process  is  repeated 
a  final  time  for  the  third  (  ,  ).  To 
obtain  C2  the  same  process  is  used  on 
the  remaining  cards  (all  discards  from 
Cl  are  combined)  except  that  the  third 
sort  is  performed  on  the  fourth  (  ,  ). 
In  this  manner  the  twenty  groups  of 
thirty-six  elements  are  obtained.  Only 
one  group  will  yield  nonzero  terms 
when  multiplied  by  the  term  immedi¬ 
ately  following  the  integration  sign  in 
Sn.  In  this  example,  it  is  the  group  with 
the  combination  pa  p  paa. 

Discussion 

The  example  which  was  discussed 
in  the  Experimental  section  con¬ 
cerned  only  Sn.  The  present  pro¬ 
gram  is  equally  useful  for  Hn.  The 
Hamiltonian  operator  may  be  con¬ 
sidered  to  be  a  sum  of  one-particle 
operators,  IHj,  and  two-particle  op¬ 
erators,  IHij,  viz. 
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i=6  i=5  j  — 6 

IH  =  $  IH.  +  2  S  IH„ 

i=l  i=l  j=i+l 

(11) 

Therefore,  Hn  is  a  sum  of  terms,  e.g. 
Hn  =  (1,1  Ha) 

(2,2)  (3,3)  (4,4)  (5,5)  (6,6)  +  •• 


+  (1  2,  I  H12l  2) 

(3,3)  (4,4)  (5,5)  (6,6)  +  . 

(12) 

where 

(1  2,  I  H 121  2) 

=  Jjl  2  I  H 12  1  2  dn  dr2 

Since  none  of  the  I  H  i  or  I  H  ij  con¬ 
tain  spin  in  the  usual  chemical  applica¬ 
tion,  then  the  result  of  integration  over 
spin  will  be  identical  to  the  results  ob¬ 
tained  for  Sn.  Consequently,  after  ob¬ 
taining,  in  this  example,  the  one  group 
of  thirty-six  elements  which  do  not  van¬ 
ish  after  spin  integration,  each  element 
of  the  group  is  expanded  into  the  fifteen 
terms  containing  one-  and  two-particle 
operators.  The  important  point  is  that 
the  present  program  reduces  integrals  of 
both  the  Sj j  and  Hjj  types  to  the  point 
where  non-spin,  elementary  integrals  are 
introduced. 

The  present  program  may  also  be  used 
in  conjunction  with  any  six-electron 
problem  which  involves  more  than  one 
valence  bond  structure.  For  in  that 
case,  the  total  wave  function  is  a  linear 
combination  of  valence  bond  functions 
and  the  energy  is  found  from  the  secular 
equation 

|HItJ  -  E  S„|  =  0  (13) 

where  the  subscripts  I  and  J  range  over 
all  valence  bond  structures  being  con¬ 
sidered.  Each  Hu  and  S,.,  of  Equation 
(13)  are  of  the  form  given  by  Equations 
(3).  Consequently,  the  present  program 
can  be  used  on  each  of  these  terms  in 
order  to  simplify  the  secular  equation. 

The  program  presented  in  the  Ap¬ 
pendix  fulfills  the  goals  of  the  pres¬ 


ent  project.  However,  a  more  utili¬ 
tarian  program  would  allow  the  re¬ 
searcher  the  flexibility  of  specifying 
the  order  of  the  determinant  to  be 
expanded.  At  present,  a  separate 
program  must  be  written  for  each  n 
(where  n  is  the  number  of  electrons) . 
A  second  improvement  which  is  re¬ 
quired  is  to  replace  the  mechanical 
card  sort  with  a  computer  subrou¬ 
tine.  Both  of  these  improvements 
are  presently  being  investigated. 
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Appendix 

A  FORTRAN  II  Program  for  the  Ex¬ 
pansion  of  a  Determinant  of  Order  Six 
as  applied  to  Quantum  Chemistry. 
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C  SIMPLIFICATION  OF  THE  H(I,J)  AND  S(I,J)  ELEMENTS  IN  A  SIX-ELEC- 

C  TRON  PROBLEM 

C  SPECIFICATION  OF  THE  ORDER  OF  THE  DETERM  I N  ANTAL  WAVE 

C  FUNCTION  AS  SIX 

DIMENSION  J  (6) 

111  K  =  O 

C  FORMATION  OF  ALL  POSSIBLE  PERMUTATIONS  OF  SIX  INTEGERS 


DO 

100 

11 

— 

1, 

6 

DO 

100 

12 

— 

1, 

6 

IF 

(11  - 

,22 

1, 

100,  1 

1 

DO 

100 

13 

1, 

6 

IF 

(11  - 

137 

2, 

100,  2 

2 

1  F 

(12  - 

13) 

3, 

100,  3 

3 

DO 

100 

14 

1, 

6 

IF 

(11  - 

14) 

4, 

100,  4 

4 

IF 

(12  - 

14) 

5, 

100,  5 

5 

IF 

(13  - 

14) 

6, 

100,  6 

6 

DO 

100 

15 

1, 

6 

IF 

(11  - 

15) 

1, 

100,  7 

7 

IF 

(12  - 

15) 

8, 

100,  8 

8 

IF 

(13  - 

15) 

9, 

100,  9 

9 

IF 

(14  - 

15) 

10, 

100,  10 

10 

DO 

100 

16 

1, 

6 

IF 

(11  - 

16) 

11, 

100,  11 

11 

IF 

(12  - 

16) 

12, 

100,  12 

12 

IF 

(13  - 

16) 

13, 

100,  13 

13 

IF 

(14  - 

16) 

14, 

100,  14 

14 

IF 

(15  - 

16) 

15, 

100,  15 

15 

K  : 

=  K 

+  1 

J(1)  =  II 
J  (2)  12 

J  (3)  13 

J  (4)  =  14 
J  (5)  =  15 
J (6)  ~  16 
KK  =  O 

C  DETERMINATION  OF  THE  SIGN  OF  THE  PERMUTATION 

DO  200  M  =  1,  5 
NN  =  M  +  1 
DO  200  N  =  NN,  6 
IF  ( J  ( M )  —  J(N))  200,  200,  31 

31  KK  -  KK  -f  1 
200  CONTINUE 

C  SPECIFICATION  OF  THE  FORM  OF  THE  OUTPUT  CARDS 

27  IF  ((— 1)**KK)  28,  28,  29 

28  PUNCH  52,  II,  12,  13,  14,  15,  16,  K 
PRINT  52,  II,  12,  13,  14,  15,  16,  K 
GO  TO  100 

29  PUNCH  51,  II,  12,  13,  14,  15,  16,  K 
PRINT  51,  II,  12,  13,  14,  15,  16,  K 

100  CONTINUE 
PAUSE 
GO  TO  111 

51  FORMAT  (5 H  (1,,  I  1,4H)  (2,,  I  1,4H)  (3„  I  1,4H)  (4,,  I  1,4H)  (5,,  I  1,4H) 
1  (6„  I  1,1  H )  ,44x,14) 

52  FORMAT  (5H  —  (1,,  I  1,4H)  (2,,  I  1,4H)  (3„  I  1,4H)  (4,,  I  1,4H)  (5„  I  1,4H) 
1  (6,,  I  1 ,1  H ) ,44x,14) 

END 
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ULTRASTRUCTURE  OF  THE  BLOOD  CELLS  OF 
NECTURUS  M.  MACULOSUS 


HAROLD  M.  KAPLAN  and  JOHN  MICKUS 
Department  of  Physiology 
Southern  Illinois  University,  Carbondale 


Abstract.  —  The  morphology  and  con¬ 
tents  of  the  mature  red  and  white  blood 
cells  present  in  Necturus  maculosus  ma- 
culosus  have  been  described,  compared 
and  illustrated.  All  cell  types  described 
for  mammalian  blood  occur  also  in  Nec¬ 
turus.  The  adult  erythrocyte,  unlike  its 
mammalian  counterpart,  contains  the 
basic  cytoplasmic  and  nuclear  compo¬ 
nents  of  any  cell.  An  analysis  of  the 
techniques  used  has  been  made,  along 
with  the  observation  that  the  prepara¬ 
tive  stages  for  Necturus  blood  cells  are 
critical  and  require  modifications  from 
standard  practice  because  of  the  great 
susceptibility  of  such  cells  to  destruction. 


Although  light  microscope  studies 
of  Necturus  blood  cells  are  available 
(Dawson,  1928,  1929,  1930,  1931, 
1932;  Harris,  1953)  as  well  as  an 
electron  miscroscope  study  of  ery¬ 
throcytes  (Beams  and  Anderson, 
1960),  no  detailed  cytologic  descrip¬ 
tions  of  leucocytes  seem  to  be  avail¬ 
able.  Because  of  the  increasing  lab¬ 
oratory  importance  of  this  species,  a 
study  of  the  ultrastructure  of  its 
mature  circulating  blood  cells  ap¬ 
pears  to  be  warranted. 

Materials  and  Methods 

Blood  cells  obtained  in  2%  sodium  cit¬ 
rate  by  hepatic  sinus  puncture  from 
adult  Necturus  maculosus  maculosus  an¬ 
esthetized  with  chloroform  were  washed 
in  phosphate  buffer  and  fixed  in  either 
1.6%  potassium  permanganate  or  2% 
osmic  acid,  each  buffered  at  4°C  to  pH 


7.5.  The  cells  were  washed  again  in 
buffer,  dehydrated  in  graded  concentra¬ 
tions  of  ethyl  alcohol,  embedded  in 
n-butyl  and  ethyl  methacrylates  (7.5  to 
2.5)  and  examined  at  50  KY  in  an  RCA 
EMU-3C  electron  microscope  having  a  25 
micron  aperture.  All  glassware  was 
siliconized.  In  a  few  instances,  1%  tur¬ 
pentine  was  injected  intraperitoneally 
to  obtain  a  greater  concentration  of 
white  cells  from  the  peritoneal  exudate. 

Results 

Table  1  contains  data  on  the  cytology 
of  the  mature  cells.  Figures  1-17  show 
representative  cells  as  observed  with 
both  the  light  and  electron  microscopes. 
Necturus  contains  all  the  typical  blood 
cells  seen  elsewhere  in  vertebrates,  al¬ 
though  the  basophil  is  rarely  found. 

Erythrocyte.  The  cell  is  typically  oval, 
although  it  may  be  elongated  by  special 
fixatives  (Figs.  3  and  8).  The  erythro¬ 
cyte  of  Necturus  is  seen  to  possess  all  the 
structures  occurring  in  a  typical  cell 
and  it  cannot  be  considered  a  unique 
or  aberrant  type. 

The  cytoplasmic  membrane  appears  to 
be  porous,  but  this  is  most  likely  an 
artifact  produced  by  the  permanganate 
fixative  used.  The  membrane  is  smooth 
and  moderately  wavy,  unlike  the  mem¬ 
branes  of  some  of  the  leucocytes  which 
have  many  surface  protrusions.  The 
smooth  border  indicates  a  lack  of  active 
motility  and  may  also  be  related  to  the 
method  of  absorption  of  substances  from 
the  medium. 

According  to  Fawcett  (1966),  in  work 
done  on  toadfish,  the  cytoplasm  of  the 
erythrocyte  is  composed  essentially  of 
hemoglobin,  which  is  uniformly  dis¬ 
persed.  In  the  Necturus  red  cell,  the 
cytoplasmic  material,  which  is  appar¬ 
ently  hemoglobin,  is  dense,  amorphous 
and  uniformly  dispersed. 


[  236  ] 
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Figures  1-7. — Blood  cells  of  Necturus  as  seen  with  the  light  microscope:  1.  Col¬ 
lection  of  thrombocytes.  X  2865;  2.  Single  thrombocyte.  X  7465;;  3.  Red  blood 
cell.  X  3000;  4.  Neutrophil.  X2520;  5.  Monocyte.  X  3150;  6.  Lymphocyte.  X  2865; 
7.  Eosinophil.  X  3000. 


Organelles  occur  throughout  the  cyto¬ 
plasm.  Ovoid  mitochondria  are  found, 
usually  grouped  about  the  nucleus.  There 
is  also  a  fairly  voluminous  reticulum, 
called  the  reticulofibrillar  apparatus  m 
frog  and  man  by  Jordan  et  al  (1930). 
This  network  is  extensive,  being  dis¬ 
tributed  throughout  the  entire  cytoplasm 
in  the  Necturus  red  cell. 

Beams  and  Anderson  (1960)  described 
a  so-called  segregation  apparatus  in  the 
erythrocyte  of  Necturus.  This  structure, 
as  observed  here,  appears  to  be  mem¬ 
brane-bound,  consisting  of  numerous 
small  granules  within  the  membrane. 

The  nucleus,  which  is  retained  in  the 
mature  red  cell,  shows  a  coarse  pattern 
of  condensed  chromatin.  The  nucleo¬ 
plasm  contains  material  which  is  prob¬ 
ably  hemoglobin.  Fawcett  (1966)  as¬ 
serted  that  the  nuclear  and  cytoplasmic 
hemoglobins  are  identical.  There  is  a 
suggestion  of  nuclear  pores,  but  again 
visible  pores  are  usually  artifacts  and 
the  presence  of  pores  in  any  membrane 
is  open  to  controversy. 

The  elongated  and  wavy  appearance 
of  the  erythrocyte  seen  in  Figure  8  is 
due  mostly  to  uneven  polymerization  of 


the  methacrylates.  Volume  changes  oc¬ 
cur  during  the  formation  of  polymers 
because  of  shearing  forces.  The  distor¬ 
tion  is  said  to  be  especially  prevalent  in 
free  cells,  such  as  those  in  blood  (Pease, 
1964). 

Lymphocyte.  This  cell  type  varies 
considerably  in  size.  Its  shape  and  sur¬ 
face  membrane  are  usually  irregular, 
although  the  cell  may  ocasionally  be 
round  (Figs.  6  and  16). 

The  cytoplasmic  groundwork  is  finely 
granulated  and  contains  several  inclu¬ 
sions.  There  are  some  mitochondria  and 
vacuoles.  Among  other  inclusions  is  the 
Gall  body,  which  Bessis  and  Thiery 
(1961)  described  in  the  human  lympho¬ 
cyte.  This  inclusion  which  in  Figure  16 
appears  black  and  round,  is  said  to  be 
lipid  in  nature.  Only  1  or  2  Gall  bodies 
occur  in  any  one  cell. 

The  number  of  cytoplasmic  inclusions 
in  the  lymphocyte  of  Necturus  is  rela¬ 
tively  low  and  this  condition  represents 
a  fairly  typical  cytologic  picture  (Bessis 
and  Thiery,  1961). 

The  nuclear  membrane  is  often  oval 
and  irregular,  and  the  nuclear  material 
occasionally  bulges  eccentrically  to- 


Table  1. — Cytology  of  Mature  Blood  Cells  of  Necturus  maculosus  maculosus  Seen  from  Electron  Micrographs  after  0s04  or  KMn04  Fixation. 
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ward  one  region  of  the  cell.  Chromatin 
occurs  in  numerous  small  condensations 
throughout  the  nucleus,  and  the  nucleo¬ 
plasm  is  finely  granulated. 

Monocyte.  The  cell  may  be  ovoid  or 
irregular  (Figs.  5,  9,  10,  and  11).  The 
surface  membrane  commonly  displays 
many  fingerlike  projections,  into  each 
of  which  the  ectoplasm  extends.  In  some 
instances  the  bases  of  these  processes 
seem  to  coalesce,  and  this  is  thought  to 
be  the  way  that  pinocytic  vacuoles  are 
formed  (Fawcett,  1966),  serving  for  ab¬ 
sorption  of  materials  from  the  environ¬ 
ment. 

The  cytoplasm  is  richly  endowed 
with  endoplasmic  reticulum,  particularly 
abundant  in  one  eccentric  region  (Fig. 
9).  There  are  numerous  mitochondria 
and  vacuoles.  The  surface  position  of 


many  of  the  vacuoles  suggests  their 
formation  by  pinocytosis. 

The  nucleus  is  oval  or  irregular  in 
shape  and  fills  the  entire  central  region 
of  the  cell.  There  are  some  sparsely 
scattered  chromatin  masses  in  a  finely 
granulated  nucleoplasm. 

Neutrophil.  The  cell  is  oval  or  round 
(Figs.  4,  12,  13).  The  surface  membrane 
has  a  variable  number  of  finger-like  pro¬ 
jections,  similar  to  those  seen  in  mono¬ 
cytes.  Neutrophils  in  general  are  claimed 
to  absorb  material  actively  by  pinocy¬ 
tosis,  and  these  pseudopod-like  fingers 
possibly  form  pinocytotic  vacuoles. 

The  cytoplasm  is  filled  with  numerous 
vesicles,  vacuoles  and  mitochondria.  The 
Golgi  complex  is  well  developed.  The 
endoplasmic  reticulum  has  a  fibrillar  ap¬ 
pearance  throughout  the  cytoplasm,  with 


Figures  8-17. — Blood  cells  of  Necturus  as  seen  with  the  electron  microscope: 
8.  Erythrocyte.  X  2926;  9.  Monocyte.  X  4332;  10.  Monocyte.  X7049;  11.  Monocyte. 
X  5246;  12.  Neutrophil.  X  4110;  13.  Neutrophil.  X  6278;  13A  and  13B.  Enlarged 
lower  right  area  of  Fig.  13  to  show  nature  of  cytoplasmic  granules,  vacuoles  and 
mitochondria  and  the  nature  of  the  nuclear  membrane.  13A  is  X  24,500  and  13B 
is  X  24,000;  14.  Eosinophil.  X  4110;  15.  Eosinophil.  X  6880;  16.  Lymphocyte. 
X  4000;  17.  Basophil.  X  7950. 
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an  agranular  aspect  following  permanga¬ 
nate  fixation. 

The  cytoplasmic  granules  are  of  two 
types,  in  terms  of  staining  contrast,  one 
being  very  much  denser  than  the  other, 
although  both  are  about  the  same  size. 
Jordan  (1965),  who  worked  with  Tri- 
turus  viridescens,  stated  that  granules 
become  smaller  as  the  cell  ages,  so  that 
relating  and  comparing  sizes  with  other 
cellular  morphology  and  events  must 
be  done  with  caution.  All  the  granules 
seen  are  small  and  dispersed  everywhere 
throughout  the  cell. 

The  nucleus  is  highly  convoluted  and 
split  to  several  lobes.  Clumps  of  chro¬ 
matin  appear  in  the  center  of  each  lobe, 
embedded  in  a  granulated  nucleoplasm. 
The  nuclear  membrane  is  seen  to  be 
double  when  osmium  is  used  for  fixation. 

Eosinophil.  The  cell  is  oval  or  round 
(Figs.  7,  14  and  15).  The  surface  mem¬ 
brane  displays  projections,  but  not  as 
prominent  as  in  the  monocytes  and 
neutrophils. 

The  cytoplasm  contains  numerous 
vesicles  and  vacuoles.  The  mitochondria 
appear  to  be  less  numerous  than  in  the 
neutrophils  or  monocytes. 

The  eosinophil  is  distinct  in  the  rela¬ 
tive  sizes  of  its  cytoplasmic  granules. 
The  most  numerous  granules  are  large, 
very  dense,  and  they  tend  to  be  especially 
numerous  in  the  perinuclear  areas.  The 
regions  directly  between  and  contiguous 
to  the  separate  nuclear  lobes  may  be 
free  of  large  granules.  There  is  no 
distinct  structure  within  each  granule, 
and  Fawcett  (1965)  found  this  condition 
to  be  characteristic  of  the  young  eosino¬ 
philic  cell  in  the  mouse.  He  observed 
that  with  maturity  the  granular  con¬ 
tent  crytallizes  and  the  shape  of  the 
granule  changes  from  round  to  ellipsoid. 

There  are  also  numerous  small  gran¬ 
ules  in  the  cytoplasm,  which  are  less 
dense  than  the  larger  variety. 

Jordan  (1965)  stated  that  the  nucleus 
of  eosinophils  of  T.  viridescens  has  fewer 
lobes  than  that  of  neutrophils,  and  this 
also  appears  to  be  the  case  in  the  eosino¬ 
phil  of  Necturus.  The  chromatin  ma¬ 
terial  is  very  dense.  The  nucleoplasm 
has  no  special  structure. 

Basophil.  The  cell  is  oval  (Fig.  17). 
The  structure  of  the  cytoplasm  presents 
no  great  differences  from  that  of  eosino¬ 
phils,  except  that  the  cytoplasmic  gran¬ 
ules  of  the  basophil  are  larger  and  con¬ 
tain  crystalline  inclusions.  The  granules 
are  not  very  electron  dense  and  each  is 
enclosed  by  a  fine  membrane. 


The  nucleus  is  lobulated  and  irregular. 
It  has  a  very  low  electron  density  and 
is  obscured  by  the  cytoplasmic  inclu¬ 
sions. 

Because  of  the  rarity  of  basophils, 
Figure  17  has  been  included  here  de¬ 
spite  an  artifact  produced  by  a  knife 
mark  across  the  middle  of  the  cell. 

Discussion 

Owing  to  the  great  fragility  of 
Necturus  blood  cells,  certain  modifi¬ 
cations  of  standard  techniques  had  to 
be  established.  The  problem  of  me¬ 
chanical  disruption  of  cells  during 
collection  of  the  blood  sample  by 
syringe  and  small-bore  #22  needle 
was  not  serious  and  was  taken  care  of 
by  siliconizing  and  cooling  the  sy¬ 
ringes,  needles  and  glassware. 

Heparin  as  an  anticogulant  for 
Necturus  blood  cells  was  not  satis¬ 
factory.  For  the  erythrocyte  in  any 
species,  heparin  competes  with  nu¬ 
clear  DNA  for  binding  to  the  nu- 
cleohistone.  Removal  of  the  nucleo- 
histone  permits  DNA  to  expand  and 
distort  the  nucleus  (Kent  et  al, 
1958).  The  2%  sodium  citrate  used 
here  was  not  ideal,  but  appeared  to 
be  more  satisfactory  than  several 
other  anticoagulants  tried. 

The  blood  of  Necturus  had  to  be 
centrifuged  at  low  speed,  about  500 
rpm,  to  minimize  destruction  of  cells. 

The  fixative,  potassium  permanga¬ 
nate,  produced  less  cell  distortion 
than  did  osmium  tetroxide  and  em¬ 
phasized  membrane  contrast,  but  the 
permanganate  did  not  preserve  cell 
structure  as  well,  and  also  produced 
pore-like  artifacts  in  the  cell  mem¬ 
branes. 

The  greatest  cellular  distortion  oc¬ 
curred  in  the  embedding  process  with 
the  acrylic  resin,  methacrylate.  This 
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was  confirmed  by  light  microscope 
visualization  of  the  cells  before  and 
after  the  embedding  stage.  It  is 
known  for  cells  of  other  species  that 
a  combination  of  potassium  per¬ 
manganate  fixation  and  methacry¬ 
late  embedding  can  produce  “explo¬ 
sion  artifacts”  (Pease,  1964).  Fu¬ 
ture  work  with  Necturus  blood  cells 
demands  a  detailed  investigation  of 
the  most  proper  steps  for  preserva¬ 
tion  of  desired  structures.  It  has 
been  one  purpose  of  the  present 
study  to  point  up  some  of  the  prob¬ 
lems  encountered  and  some  of  the 
corrective  factors  employed. 

The  cytologic  appearance  of  the 
blood  cells,  themselves,  indicated  that 
Necturus  is  fairly  generalized  in  re¬ 
spect  to  the  occurrence  of  the  cellular 
components  and  their  cytoplasmic 
and  nuclear  distribution.  The  pres¬ 
ence  of  mitochondria  in  the  ery¬ 
throcyte  of  Necturus  places  this  cell 
in  contrast  with  the  human  erythro¬ 
cyte  which  contains  no  mitochondria. 
The  human  cell  may  perhaps  be 
considered  as  specialized  and  de¬ 
generate  in  this  regard. 

The  occurrence  of  mitochondria 
suggests  that  there  are  pathways  of 
metabolism  in  the  nucleated  red  cell 
that  may  not  prevail  in  the  enu¬ 
cleated  mammalian  cell.  The  latter 
is  thought  to  receive  its  energy  en¬ 
tirely  through  glycolysis.  Also,  it 
seems  probable  that  a  nucleated  red 
cell  with  many  cytoplasmic  orga¬ 
nelles  might  have  more  “business” 
to  conduct  and  would  have  a  longer 
life  than  its  enucleated  mammalian 
counterpart. 
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OXIDATION  OF  ALPHA-KETOGLUTARATE  BY 
BLUEGILL  LIVER  MITOCHONDRIA 
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Abstract.  —  The  alpha-ketoglutarate 
oxidase  of  bluegill  ( Lepomis  macrochi- 
rus )  was  investigated.  Neither  oxygen 
nor  phosphate  uptake  was  metal  ion 
dependent,  but  magnesium  ions  increas¬ 
ed  oxygen  and  phosphate  uptake.  Zinc, 
cadmium,  manganese,  and  calcium  ions 
inhibited  oxygen  uptake  and  promoted 
the  hydrolysis  of  tissue  organic  phos¬ 
phates.  Dicoumarol,  gramicidin,  2,  4- 
dinitrophenol  and  pentachlorophenol  un¬ 
coupled  phosphorylation  from  alpha-  ke- 
toglutarate  oxidation.  Antimycin  A,  so¬ 
dium  azide,  sodium  arsenite,  and  sodium 
cyanide  inhibited  oxygen  uptake. 


The  energy  production  by  enzyme 
systems  from  fishes  has  not  been  ex¬ 
tensively  investigated  (Gumbmann 
et  al  1957;  Tarr  1958),  but  Ekberg 
(1958)  and  Kanungo  and  Prosser 
(1959)  discussed  energy  production 
by  goldfish  tissues ;  Brown  and 
Tappel  (1959),  Brown  (1960)  and 
Gumbmann  and  Tappel  (1962) 
discussed  oxidative  metabolism  in 
carp  liver  mitochondria;  Hiltibran 
and  Johnson  (1965),  and  Hiltibran 
(1965,  1966)  reported  on  energy 
production  by  bluegill  liver  mito¬ 
chondria. 

The  energy  production  by  enzyme 
systems  of  the  bluegill  (Lepomis  ma- 
crochirus)  is  being  investigated  as 
one  approach  to  determine  the  effects 
of  pollutants  on  energy  production 
of  the  bluegill.  An  investigation  of 
the  oxidative  phosphorylation  with 


alpha-ketoglutarate  as  substrate  was 
initiated  to  determine  whether  the 
oxidation  of  alpha-ketoglutarate 
might  not  be  altered  by  pollutants. 
A  preliminary  report  (Hiltibran 
1964)  has  been  presented,  and  the 
effect  of  sodium  amytal  and  rotenone 
on  the  alpha-ketoglutarate  oxidase 
has  been  reported  (Hiltibran  and 
Johnson  1965). 

Materials  and  Methods 

Native  wild  bluegills  obtained  from 
central  Illinois  waters  were  utilized.  The 
bluegills  were  held  approximately  two 
weeks  at  25°  C  in  aerated  laboratory 
aquaria.  Preparation  of  the  mitochon¬ 
dria  and  the  procedures  used  for  esti¬ 
mating  oxygen  and  phosphate  uptake 
have  been  reported  previously  (Hiltibran 
&  Johnson  1965).  Oxygen  data  are  ex¬ 
pressed  as  QOo  values  (/U  02/hr/mgN) 
and  phosphate  data  as  micromoles 
Gmoles)  of  P04/hr/mgN  and  all  values 
have  been  corrected  for  endogenous  ac¬ 
tivity.  The  data  represent  the  values 
from  five  or  more  experiments. 

Results  and  Discussion 

Effect  of  Homogenizing  Medium. — 
Less  oxygen  and  phosphate  uptake  oc¬ 
curred  with  mitochondria  prepared  in 
phosphate  buffered  (pH  7.5)  0.15  or 

0.08  M  sucrose  when  alpha-ketoglutarate 
was  the  substrate  than  when  succinate 
was  the  substrate.  Although  there  was 
net  phosphate  uptake,  this  uptake  was 
almost  masked  by  the  large  increase  in 
the  inorganic  phosphate  content  of  the 
reaction  media.  Various  co-factors  added 
to  the  reaction  media  did  not  alter  either 
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oxygen  or  phosphate  uptake.  These  data 
indicate  that  the  mitochondria  prepared 
in  phosphate-buffered  sucrose  apparently 
were  not  capable  of  maximum  utilization 
of  alpha-ketoglutarate. 

Oxygen  uptake  was  increased  approxi¬ 
mately  30  per  cent  and  there  was  a  3-fold 
increase  in  phospate  uptake  by  mito¬ 
chondria  from  liver  tissue  homogen¬ 
ized  in  buffered  sucrose  containing 
0.001  M  ethylenediaminetetraacetic  acid 
(EDTA). 

In  other  experiments  the  liver  tissue 
was  divided — one  part  of  the  tissue  was 
homogenized  and  the  mitochondria  were 
resuspended  in  buffered  sucrose.  The 
other  part  was  homogenized  and  the 
mitochondria  were  resuspended  in  buff¬ 
ered  sucrose  containing  EDTA.  The 
mitochondria  prepared  and  resuspended 
in  EDTA  buffered  sucrose  utilized  more 
oxygen  and  phosphate  than  the  mito¬ 
chondria  prepared  in  non-EDTA  buffered 
sucrose.  Oxygen  and  phosphate  uptake 
by  the  mitochondria  prepared  in  buff¬ 
ered  sucrose  were  increased  by  the  pres¬ 
ence  of  EDTA  in  the  reaction  vessels. 
These  data  further  support  the  need  for 
EDTA  during  the  mitochondrial  prep¬ 
aration  and  incubation  period  for  the 
maximum  use  of  oxygen  and  phosphate. 
Neither  niacin,  nicotinamide,  bovine 
serum  albumin  (BSA)  nor  0.002  M 
EDTA  in  either  the  homogenizing  media 
or  in  the  reaction  vessels  had  an  effect. 

These  preparation  conditions  are  simi¬ 
lar  to  those  observed  by  Brown  and 
Tappel  (1962)  who  used  a  fortified  med¬ 
ium  to  prepare  the  mitochondria  in 
their  study  of  the  fatty  acid  oxidation  by 
carp  liver  mitochondria.  Gumbmann  and 
Tappell  (1962)  used  carp  liver  mitochon¬ 
dria  prepared  in  EDTA-sucrose  for  the 
investigation  of  the  TCA  cycle  in  carp 
liver  mitochondria. 

Hiltibran  (1965)  proposed  that  buff¬ 
ered  0.15  M  sucrose  was  a  suitable  me¬ 
dium  for  the  preparation  of  mitochon¬ 
dria  from  bluegill  liver  tissue  in  studies 
of  the  succinic  oxidase  and  adenosinetri- 
phosphatase  (ATPase).  In  the  latter 
study,  EDTA  was  found  to  increase 
cadmium  ATPase  activity,  but  decreased 
the  other  ATPase  activities,  particularly 
the  Mg  ATPase  activity. 

After  EDTA  had  been  found  to  in¬ 
crease  oxygen  and  phosphate  uptake  in 
the  presence  of  alpha-ketoglutarate,  all 
the  mitochondria  used  in  oxygen  uptake 
studies  were  prepared  in  EDTA-sucrose. 
Later,  when  comparing  oxygen  and  phos¬ 
phate  values  from  succinic  oxidase  ex¬ 
periments  using  mitochondria  prepared 


in  EDTA-sucrose,  with  the  oxygen  and 
phosphate  values  obtained  with  mito¬ 
chondria  prepared  in  sucrose  only,  it 
was  observed  that  the  oxygen  uptake 
was  greater  by  mitochondria  prepared 
in  sucrose,  but  the  phosphate  uptake  was 
not  altered.  In  split-preparation  experi¬ 
ments,  oxygen  uptake  was  found  to  be 
severely  inhibited  in  mitochondria  pre¬ 
pared  and  resuspended  in  EDTA-sucrose. 
These  effects  of  EDTA  on  the  succinic 
oxidase  system  were  not  unexpected  as 
EDTA  in  the  reaction  media  had  been 
found  to  reduce  oxygen  uptake  about  30 
percent.  These  data  indicate  a  differen¬ 
tial  effect  of  EDTA  on  the  succinic  and 
alpha-ketoglutarate  oxidase  systems. 
While  0.15  M  sucrose  appears  to  be  a 
suitable  preparation  medium  for  the 
preparation  of  mitochondria,  the  pres¬ 
ence  of  EDTA-sucrose  promotes  oxygen 
and  phosphate  uptake  with  alpha-keto¬ 
glutarate  as  substrate,  but  EDTA  in 
either  the  mitochondrial  preparation 
media,  or  in  the  reaction  vessels  inhibits 
oxygen  uptake  when  succinate  is  used 
as  substrate.  The  previous  reports  by 
Kanungo  and  Prosser  (1959)  and  Gumb¬ 
mann  and  Tappel  (1962)  do  not  indicate 
whether  EDTA  has  a  differential  effect 
on  the  succinic  oxidase  systems  and  on 
the  other  systems  described  in  goldfish 
and  carp  liver  mitochondria. 

The  data  from  EDTA-sucrose  succinate 
experiments  have  been  combined  and  the 
average  oxygen  and  phosphate  values 
have  been  inserted  into  Table  1. 

Slater  and  Cleland  (1953)  reported 
that  on  incubation,  rat  liver  mitchondria 
lost  their  ability  to  oxidize  alpha-keto¬ 
glutarate,  and  that  this  loss  could  be  pre¬ 
vented  by  EDTA.  They  found  that 
EDTA  bound  calcium  ions,  which  were 
associated  with  the  loss  of  oxidative 
ability.  Lester  and  Hatefi  (1958)  found 
that  EDTA  prevented  the  release  of 
particle-bound  pyridine  nucleotide  from 
beef-heart  mitochondria.  Chefurka  (1966 
a,  b)  reported  that  the  protective  effect 
of  the  EDTA  was  attributed  to  the  bind¬ 
ing  of  calcium  ions.  The  calcium  ions 
promoted  the  release  of  fatty  acids  from 
the  mitochondrial  lipids,  and  the  fatty 
acids  released  were  the  disruptive  agents 
(Chefurka  and  Dumas  1966).  Since 
EDTA  is  necessary  for  the  oxidation  of 
alpha-ketoglutarate  by  bluegill  liver  mi¬ 
tochondria,  it  would  appear  that  EDTA 
protects  the  oxidation  of  alpha-ketoglu¬ 
tarate  by  preventing  the  release  of  fatty 
acids.  The  effect  of  EDTA  on  the  succi¬ 
nic  oxidase  system  is  not  understood. 

In  other  experiments  it  was  found 
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Table  1. — The  Effects  of  Homogenizing  Media  on  Oxygen  and  Phosphate  Uptake. 


Homogenizing  Data 

/ul02/hr/mgN 

/imoles/P04/hr/ mgN 

Alpha-ketoglutarate  Oxidase 

Homogenized  and  resuspended  in  buffered  sucrose.  .  . 

64 

(-)  9 

Homogenized  in  EDTA  media,  resuspended  in  Sucrose 

74 

(-)  27 

Homogenized  in  buffered  Sucrose  +EDTA  mitochon¬ 
dria  resuspended  in  Sucrose . 

551 

(-)  8 

Liver  tissue  homogenized  in  EDTA  +  Sucrose  mito¬ 
chondria  resuspended  in  EDTA  Sucrose . 

1071 

(-)  27 

Average  values  of  18  experiments  -f-  co-factors . 

167 

(-)  44 

Succinic  Oxidase  System 

Homogenizing  and  resuspended  in  0.15  M  Sucrose. . . 

1892 

(-)  28 

Homogenized  in  EDTA-Sucrose  —  resuspended  in 
EDTA-Sucrose  or  Sucrose  only . 

1002 

(-)  19 

1  Liver  tissue  divided  and  treated  as  indicated. 

2  The  data  from  split  preps  and  other  experiments  have  been  combined  into  one 
average  value. 


Table  2. — Summary  of  the  Effects  of  Co-factors  on  Alpha-ketoglutarate  Oxidation. 


—ATP . 

— ADP . 

— BSA . 

— CoA . 

— COA— ADP 

— Cyto  C . 

— Glucose.  .  .  . 

— Kinase . 

+NAD . 

+ DPT . 

NAD  +  DPT 


Co-factors 


Avg.  Change  in 
/ilOz/hr/mgN 

Avg.  Change  in 
/amoles/PC^/hr/ mgN 

(— )  35.24 

(— )  16.38 

(— )  54.36 

(+)  27.73 

(±)  42.35 

(±)  29.29 

(— )  22.21 

(±)  4.57 

(±)  44.95 

(— )  16.34 

(— )  47.28 

(±)  12.36 

(— )  31.91 

(+)  21.17 

(  +  )  42.44 

(+)  25.50 

(  +  )  55.94 

(  +  )  9.54 

(  +  )  19.88 

(±)  7.57 

(  +  )  27.07 

(-)  H.19 

that  the  centrifugal  force  could  be  re¬ 
duced  from  21,600xg  to  12,800xg  without 
any  decrease  in  oxygen  or  phosphate  up¬ 
take.  However,  the  period  of  high  speed 
centrifugation,  i.e.,  10  minutes,  could 
not  be  reduced.  The  latter  centrifugal 
force  is  approximately  that  used  by 


Gumbmann  and  Tappel  (1962).  These 
data  indicate  that  suitable  mitochondrial 
preparations  can  be  obtained  from  fish 
liver  homogenates  under  more  mild  con¬ 
ditions  than  those  proposed  by  Schneider 
and  Hogeboom  (1950). 

Effects  of  Co-factors . — Attempts  to  in- 
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crease  oxygen  and  phosphate  uptake  by 
the  addition  of  various  co-factors  to 
the  reaction  media  were  not  successful 
until  the  mitochondria  were  prepared  in 
EDTA-sucrose.  Only  Coenzyme  A  (CoA) 
and  adenosinediphosphate  (ADP)  in¬ 
creased  oxygen  and  phosphate  uptake. 
The  requirement  of  each  for  maximum 
oxygen  and  phosphate  uptake  was  con¬ 
firmed  in  experiments  in  which  one  com¬ 
ponent  of  the  complete  system  was  omit¬ 
ted  and  its  effect  on  the  oxygen  and 
phosphate  utilization  was  noted.  These 
data  are  summarized  in  Table  2.  How¬ 
ever,  for  all  subsequent  experiments  CoA 
and  ADP  have  been  added.  Nicotinamide 
adenine  dinucleotide  (NAD)  and  diphos- 
phothyamine  (DPT),  separately  or  to¬ 
gether,  did  not  greatly  alter  the  oxygen 


and  phosphate  uptake.  Likewise,  BSA 
was  not  very  effective  and  its  use  was 
discontinued. 

Since  the  flow  of  electrons  from  alpha- 
ketoglutarate  to  the  cytochrome  chain 
is  via  NAD,  apparently  bluegill  liver 
mitochondria  contain  sufficient  func¬ 
tional  NAD  and  the  flow  of  electrons  was 
not  impaired  regardless  of  the  mitochon¬ 
drial  preparation  media.  It  is  possible 
also  that  structural  integrity  of  the  mi¬ 
tochondria  is  maintained  when  the  mi¬ 
tochondria  are  prepared  and  assayed  in 
the  presence  of  EDTA. 

Effects  of  Metal  Ions. — The  effects  of 
five  metal  ions  on  the  oxygen  and  phos¬ 
phate  uptake  by  bluegill  liver  mitochon¬ 
dria  are  summarized  in  Table  3.  Neither 
oxygen  nor  phosphate  uptake  was  de- 


Table  3. — Effect  of  Metal  Ions  on  Alpha-ketoglutarate  Oxidation. 


Metal 

/xmoles  added 

M02/hr/mgN 

/imoles/P04/hr/  mgN 

Control . 

none 

97.23 

(— )  61.40 

Mg . 

10 

136.96 

(— )  67.56 

Mn . 

5 

52.37 

(±)  23.52 

Ca . 

5 

19.98 

(±)  29.11 

Zn . 

1 

(  +  )  22.27 

Cd . 

1 

(±)  26.25 

pendent  on  any  divalent  metal  ion,  al¬ 
though  magnesium  ions  increased  both 
oxygen  and  phosphate  uptake.  Manga¬ 
nese,  calcium,  zinc  and  cadmium  ions  in¬ 
hibit  oxygen  uptake;  the  latter  two  ions 
completely  inhibited  oxygen  uptake. 
These  same  two  ions  also  inhibited  the 
succinic  oxidase  system  (Hiltibran  1965) 
and  promoted  the  hydrolysis  of  ATP  by 
bluegill  liver  mitochondria  (Hiltibran 
1966). 

Effects  of  Inhibitors. — The  effects  of 
various  enzyme  inhibitors  on  the  oxida¬ 
tion  of  alpha-ketoglutarate  are  sum¬ 
marized  in  Table  4.  Sodium  azide,  An- 
timycin  A  and  sodium  cyanide  inhibited 
oxygen  uptake.  Previous  reports  indi¬ 
cate  that  levels  of  Antimycin  A  of  0.33 
fig/ ml  of  reaction  medium  completely 
inhibited  oxygen  uptake.  This  was  a 


lower  level  than  the  required  values  of 
goldfish  liver  mitochondria  reported  by 
Kanungo  and  Prosser  (1959).  In  this 
investigation,  .17  fig/ ml  of  reaction  med¬ 
ium  completely  inhibited  oxygen  uptake. 

Sodium  fluoride  inhibited  oxygen  up¬ 
take  approximately  30  percent  and 
therefore  was  not  routinely  used.  How¬ 
ever,  Kanungo  and  Prosser  (1959)  re¬ 
ported  that  fluoride  was  required  for 
optimum  phosphate  uptake  by  goldfish 
liver  mitochondria  in  the  presence  of 
alpha-ketoglutarate  as  substrate. 

All  the  oxidative  phosphorylation  un¬ 
couplers  used  to  date  in  the  investigation 
except  sodium  arsenate  inhibited  oxygen 
uptake.  One  unexpected  observation  was 
that  sodium  arsenite  (0.017  ^moles/ml  of 
reaction  media)  severely  inhibited  oxy¬ 
gen  uptake.  However,  arsenite  did  not 
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Table  4. — Effect  of  Inhibitors  on  Oxygen  and  Phosphate  Uptake. 


Inhibitor 

Amt/ml  of 
reaction  ml 
(jumole) 

Avg.  Change 
in  O02 

Avg.  Change  L 
/umoles/P04/hr/ mgN 

Azide . 

1.7 

(-)  68 

(+)  8 

Antimycin  A . 

0.017 

(-)  39 

(+)  6 

Cyanide . 

1.7 

(-)  72 

(+)  38 

Fluoride . 

1.7 

(-)  28 

(+)  17 

Arsenate . 

1.7 

(±)  42 

(+)  35 

Arsenite . 

1.7 

(-)  108 

(+)  40 

Pentachlorophenol . 

0.017 

(-)  114 

(+)  41 

Dinitrophenol . 

0.017 

(-)  54 

(+)  22 

Gramicidin . 

0.51 

(-)  26 

(+)  17 

Dicoumarol . 

0.017 

(-)  81 

(+)  30 

1  Micrograms. 


greatly  alter  oxygen  uptake  by  the  suc¬ 
cinic  oxidase  system  of  bluegill  liver 
mitochondria,  and  its  uncoupling  of 
phosphorylation  from  oxidation  of  suc¬ 
cinate  was  less  severe  than  the  uncoup¬ 
ling  shown  by  arsenate.  Sodium  arse¬ 
nate  uncoupled  the  phosphorylation  from 
alpha-ketoglutarate  oxidation. 

Pentachlorophenol  and  dicoumarol  al¬ 
tered  oxygen  and  phosphate  uptake  more 
severely  than  did  dinitrophenol  (DNP) 
or  gramicidin  (Table  4).  Dicoumarol  al¬ 
tered  oxygen  uptake  more  in  the  alpha- 
ketoglutarate  oxidase  system  than  in 
the  succinic  oxidase  system,  whereas 
DNP,  gramicidin,  and  pentachlorophenol 
altered  oxygen  uptake  more  in  the  lat¬ 
ter  system.  These  data  indicate  that 
pentachlorophenol  may  exert  its  effect 
at  some  point  common  to  both  the  suc¬ 
cinic  and  alpha-ketoglutarate  systems, 
but  DNP,  dicoumarol,  and  gramicidin 
may  not.  These  oxidative  phosphoryla¬ 
tion  uncouplers  are  capable  of  inhibiting 
oxygen  uptake  and  all  except  gramicidin 
are  capable  of  altering  phosphate  me¬ 
tabolism  by  bluegill  liver  mitochondria. 
Dinitrophenol  and  gramicidin  increased 
the  hydrolysis  of  ATP.  These  data  sug¬ 
gest  that  if  the  toxic  action  of  these  oxi¬ 
dative  phosphorylation  uncouplers  is 


mediated  via  the  energy  producing  sys¬ 
tems  of  the  bluegill,  then  the  toxicity 
levels  of  these  uncouplers  would  vary. 
Pentachlorophenol  is  apparently  more 
toxic  to  fish  than  is  DNP  (McKee  and 
Wolf  1963). 
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GENETIC  CONTROL  OF  RUBIDIUM  ABSORPTION  BY 
EXCISED  CORN  ROOTS:  A  PRELIMINARY  SUR¬ 
VEY  USING  SEVERAL  INBRED  VARIETIES 


ROBERT  M.  MILLAWAY  and  WALTER  E.  SCHMID 
Southern  Illinois  University ,  Carhondale 


Abstract.  —  The  results  of  kinetic 
analyses  of  Rb  uptake  conducted  on  se¬ 
lected  corn  inbreds  and  their  Fx  hy¬ 
brids  indicated  several  genetic  relation¬ 
ships.  The  occurrence  of  multiple  uptake 
mechanisms  was  found  in  all  varieties 
tested.  The  second  or  intermediate  me¬ 
chanism  usually  was  operative  over  the 
same  general  range  of  substrate-ion  con¬ 
centrations. 

The  Fx  progeny  of  efficient  parents  ex¬ 
hibited  Rb  accumulation  efficiency  below 
that  of  either  parent  while  that  of  an 
efficient  parent  and  an  inefficient  parent 
showed  enhanced  Rb  uptake  character¬ 
istics.  It  is  proposed  that  Rb  uptake  may 
oe  controlled  by  at  least  two  genes  which 
are  interacting.  Inheritance  schemes  are 
suggested  which  involve  gene  comple¬ 
mentarity  and  “additive  allele”  action. 


Plants  of  different  species  are 
known  to  behave  differently  toward 
the  same  mineral  environment.  How¬ 
ever,  differential  response  to  min¬ 
erals  in  the  growth  medium  in  plants 
of  the  same  species,  often  thought 
to  be  relatively  homogeneous  with 
respect  to  their  physiology,  seldom 
has  been  investigated. 

Hoffer  (1926),  while  experiment¬ 
ing  with  low  vigor  corn  inbreds,  ob¬ 
served  that  although  the  Fx’s  showed 
high  hybrid-vigor  the  quantities  of 
certain  of  the  ash  constituents  ab¬ 
sorbed  by  the  hybrids  were  inter¬ 
mediate  between  the  amounts  ab¬ 
sorbed  by  the  parent,  selfed  lines; 
Fe  and  A1  were  absorbed  in  lesser 


quantities  by  the  hybrids  than  by 
either  of  the  parent  lines. 

Smith  (1934)  found  a  dominance 
of  phosphate  efficiency  at  those  phos¬ 
phate  levels  (0.6  -  3.3  ppm)  inducing 
deficiency  symptoms  in  inefficient, 
recessive  lines.  Such  phosphorus 
levels  are  found  in  soils  normally  re¬ 
garded  as  deficient.  These  results 
were  further  substantiated  by  Ly- 
ness  (1936).  In  tomatoes  the  genetic 
scheme  for  efficient  utilization  of 
limited  K  supply  appeared  to  be 
complex  in  nature  (Harvey,  1939). 
Complete  dominance  was  not  found 
in  Fi  hybrids. 

Weiss  (1943)  noted  differences  in 
efficiency  of  Fe  utilization  that  were 
shown  to  be  conditioned  by  a  single 
gene.  Further  testing  with  Fx’s  re¬ 
vealed  complete  dominance  of  the  Fe 
allele  over  fe  (Fe/fe).  Gorsline,  et 
al.  (1961)  found  a  high  heritability 
of  K  accumulation  in  corn  but  with 
a  more  complicated,  non-additive 
gene  action  inheritance  scheme.  For 
Ca  and  Mg  there  was  a  high  order 
of  heritability  under  an  essentially 
additive  gene  action  scheme  for  their 
accumulation. 

Collander  (1941)  suggested  that 
there  was  sound  genetic  influence  on 
mineral  uptake  but  that  this  influ¬ 
ence  was  indirect.  Since  the  control- 
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ling  mechanism  of  ion  transport  is 
theorized  as  dependent  upon  a  car¬ 
rier  in  the  plasmalemma  (Epstein, 
1960),  it  probably  is  the  chemical 
and/or  physical  make-up  of  the 
membrane  and  the  carrier  that  are 
genetically  controlled. 

In  a  summary  of  his  work  and  that 
of  others,  Vose  (1962)  stated  that 
it  has  been  shown  that  the  dry  weight 
shoot/root  ratio  of  perennial  rye¬ 
grass  ( Lolium  perenne  L.)  shows 
considerable  variation  according  to 
genotype.  Munns,  et  al.  (1963) 
found  that  a  correlation  of  the  min¬ 
eral  status  of  the  roots  and  shoots 
in  oats  with  respect  to  Mn  holds  only 
under  clearly-defined  environmental 
conditions.  While  biotic  differences 
in  mineral  status  of  the  shoots  per¬ 
sist  despite  drasic  variations  in  envi¬ 
ronment,  the  roots  show  parallel 
changes  only  under  some  conditions. 
They  suggested  the  need  for  separate 
examination  of  the  process  of  trans¬ 
port  into  the  roots  and  translocation 
to  the  shoots  with  the  possibility  that 
the  predominant  varietal  difference 
is  in  the  latter.  Hawf  and  Schmid 
(1967)  have  done  some  preliminary 
work  on  relative  rates  of  uptake  and 
translocation  of  zinc  in  bush  beans. 

Other  workers  have  further  in¬ 
dicated  that  interactions  between 
ions,  both  during  transport  and  upon 
utilization,  differ  and  are  genetically 
controlled  (Bains  and  Fireman, 
1964 ;  Brown  and  Holmes,  1955 ; 
Brown,  et  al.,  1955 ;  Brown  and  Tif¬ 
fin,  1962;  and  Gorsline,  et  al.,  1961). 

Baker,  et  al.  (1964)  concluded 
that  hybrids  which  accumulate  rel¬ 
atively  large  or  small  concentrations 
of  one  ion  need  not  accumulate  other 
ions  in  the  same  relative  manner. 
This  indicates  that  differential  ac¬ 


cumulation  results  from  independent 
mechanisms  which  are  under  genetic 
control. 

In  their  survey,  Epstein  and  Jef¬ 
feries  (1964)  indicated  that  varietal 
differences  in  mineral  accumulation 
have  been  reported  in  microorgan¬ 
isms,  algae,  crop  plants,  and  wild, 
higher  plants  or  ecotypes.  Further¬ 
more,  in  higher  plants,  they  sug¬ 
gested  that  the  mechanism  which 
brings  about  selective  ion  absorption 
and  transport  does  not  reside  only 
in  the  roots.  Other  processes  are  in¬ 
dicated.  Transfer  of  ions  into  the 
conducting  tissues,  subsequent  trans¬ 
location  in  the  xylem  and  phloem, 
absorption  by  the  cells  in  stems  and 
leaves,  and  re-export  therefrom,  all 
show  some  evidence  of  coming  under 
genetic  control. 

The  purpose  of  the  present  study 
was  to  bring  to  light  some  of  the  in¬ 
herent  variations  in  different  genetic 
lines  in  their  ion  uptake  character¬ 
istics. 

Materials  and  Methods 

All  work  was  done  with  corn,  Zea 
mays  L.  Four  inbred  parent  varieties  of 
yellow-dent  corn  (Wf9Rf,  M14,  B14,  and 
Hy2Rf)  were  selected  at  random  from 
the  1965  catalog  of  the  Illinois  Founda¬ 
tion  Seeds,  Inc.  The  following  available 
Fj  hybrids  of  these  parents  were  used 
in  addition:  Wf9Rf  x  B14Rf,  Wf9  x  M14, 
Wf9Tms  x  Hy2,  and  M14Rf  x  B14Rf. 
Hy2Rf  x  M14Rf  and  Hy2  x  B14  were  not 
available. 

All  seeds  were  germinated  and  grown 
in  the  dark  on  a  stainless  steel  screen 
over  a  four-liter  beaker  of  2  x  10_4M 
CaS04  solution  (Epstein,  1961);  the  in¬ 
cubation  temperature  was  maintained 
at  23 °C.  The  solution  was  changed  three 
times  (every  other  day)  during  a  seven- 
day  growth  period,  except  that  variety 
Hy2Rf  required  a  nine-day  growth  period. 
On  the  last  day  the  seedlings  were  re¬ 
moved  from  the  solution.  The  roots  were 
excised  and  washed  in  four  changes  of 
demineralized,  distilled  water  (D.M.W.) 
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(Bantam  Barnstead  Demineralizer).  The 
tissue  was  gently  blotted  on  cheesecloth 
and  one-gram  samples  were  weighed  out. 
Each  sample  then  was  transferred  to  a 
single-layer  square  of  cheesecloth,  8  cm 
on  a  side.  Experiments  were  carried 
out  using  the  “teabag”  technique  of  Ep¬ 
stein,  Schmid,  and  Rains  (1963).  Absorp¬ 
tion  time  was  ten  minutes. 

Absorption  solutions  were  made  up 
using  RbCl  labeled  with  radioactive 
rubidium  (Rb^Cl)  obtained  from  Nu¬ 
clear  Consultants  Corp.,  St.  Louis,  Mo. 
Rubidium  concentrations  ranged  from 
10~7M  to  10'4M.  To  avoid  the  effects  of 
depletion  of  absorption  solution  by  the 
roots,  especially  in  low  concentration 
solutions,  some  absorption  solutions 
were  made  up  in  larger  volumes  so  that 
during  the  course  of  an  experiment  the 
total  amount  of  the  preferred-ion  was  not 
reduced  to  below  95%  of  the  amount 
originally  available  (Epstein,  Rains, 
and  Elzam,  1963).  Two-liter  volumes 
were  used  for  concentrations  of  10_7M; 
one-liter  for  2.5  x  10_7M  through  5  x 
10'7M;  500  ml  for  10~8M  through  5  x 
10_6M;  200  ml  for  10_5M  through  2.5 
x  10_6M;  and  100  ml  for  solutions  more 
concentrated  than  2.5  x  10'5M.  In  addi¬ 
tion,  CaCl2  was  added  to  each  solution 
to  a  concentration  of  5  x  10_4M  (Epstein, 
et  al.,  1962).  The  pH  of  the  unbuffered 
absorption  solutions  was  5.6. 

About  fifteen  seconds  before  the  end 
of  the  ten-minute  absorption  period,  the 
“teabag”  was  drawn  into  the  neck  of 
the  flask  and,  at  the  appropriate  time, 
immersed  into  a  four-liter  beaker  of  tap 
water.  Schmid  and  Hawf  (unpublished 
data)  have  shown  that  tap  water  is  just 
as  effective  as  D.M.W.  as  a  post-experi¬ 
ment  wash,  probably  because  Ca  is  pres¬ 
ent  in  sufficiently  high  concentration 
in  the  absorption  solution  and  there  is 
essentially  no  desorbable  Rb  fraction 
left  to  be  removed.  After  being  “stop¬ 
ped”,  the  samples  were  drained  on  paper 
towels,  pressed  into  aluminum  planchets, 
and  ashed  in  a  muffle  furnance  at  500 °C 
for  at  least  two  hours.  The  radioactive 
content  of  the  ash  was  determined  with 
a  Picker  gas-flow  detector  on  an  auto¬ 
matic  sample  changer. 


Experimental  Results 

In  all  cases,  data  are  calculated  on  a 
“nanomoles  Rb  per  gram  fresh  weight 
per  hour”  basis. 

For  purposes  of  information,  data  ob¬ 
tained  with  variety  Wf9Rf  have  been 


presented  in  graphical  form.  Three  fig¬ 
ures  are  used  to  depict  the  different 
methods  employed  to  examine  experi¬ 
mental  results.  Similar  treatments  were 
done  in  the  case  of  each  of  the  other 
varieties  and  the  values  resulting  from 
these  experiments  together  with  those 
for  Wf9Rf  are  combined  in  Table  1.  The 

Table  1. — The  Kinetics  of  Rb  Absorption 
in  Corn  Roots  as  Affected  by  Genetic  Varia¬ 
tion.  Kinetics  of  uptake  are  expressed  in  terms 
of  Vmax  and  the  apparent  dissociation  con¬ 
stant,  Km 


Variety 

Vmax1 

KM2 

Wf9Rf . 

630.1 

28.72 

B14 . 

841.7 

10.29 

Wf9Rf  x  B14Rf . 

203.0 

12.41 

M14 . 

831.7 

14.48 

Wf9  x  M14 . 

441.6 

22.15 

M14Rf  x  B14Rf . 

310.6 

68.50 

Hy2Rf . 

333.1 

58.40 

Wf9Tms  x  Hy2 . 

819.7 

14.66 

1  Vmax  expressed  as  nanomoles  Rb/gm.  fr.  wt./hr. 

2  Km  expressed  as  10-7  Molar  Rb. 


experimental  results  will  be  examined 
in  detail  with  respect  to  Wf9Rf,  fol¬ 
lowed  by  a  more  general  examination 
with  respect  to  the  other  varieties. 

Figure  1  presents  a  plot  of  uptake  of 
Rb  by  roots  of  variety  Wf9Rf  as  a  func- 
tionof  the  concentration  of  substrate  ion 
in  moles  Rb/liter  x  10-7.  The  plot  suggests 
three  shoulders  indicating  the  existence 


Figure  1.  —  Linear-linear  plot  of  Ru¬ 
bidium  uptake  as  a  function  of  substrate 
(Rb)  concentration  in  corn  variety 
Wf9Rf.  Dashed  lines  represent  expected 
asymptotes.  CaCl2  added  to  a  final  con¬ 
centration  of  0.5  mM. 
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of  at  least  three  uptake  mechanisms  op¬ 
erating  over  a  span  of  Rb  concentrations 
ranging  from  10-7  to  10‘4M.  Dashed  lines 
approximate  expected  plateaus  approach¬ 
ing  Vmax  as  an  asymptote  for  each  re¬ 
spective  mechanism.  The  first  mechan¬ 
ism  is  predominant  in  the  10-7  to  10_6M 
Rb  range,  the  second  in  the  10*6  to  10_5M 
Rb  range,  and  the  third  in  concentra¬ 
tions  higher  than  10_6M;  each  has  its 
own  respective  Vmax  and  KM  values. 
Figure  2  depicts  a  double-reciprocal  plot 


Figure  2.  —  Double  reciprocal  ( Line- 
weave  r-Burk)  plot  of  data  presented  in 
Figure  1.  Dependent  axis  shows  values 
for  uptake  velocity  in  a  reciprocal  man¬ 
ner  and  independent  axis  shows  values 
for  substrate  (Rb)  concentration  in  a 
reciprocal  manner. 


(Lineweaver  and  Burk,  1934)  of  the 
data  shown  in  Figure  1.  The  three  mech¬ 
anisms  are  represented  here  by  the 
three  linear  segments  of  the  curve.  Ex¬ 
trapolation  of  each  of  these  lines  of  dif¬ 
ferent  slope  to  the  vertical  axis  gives  the 
value  Vmax'1  for  each  of  the  lines  re¬ 
spectively.  However,  at  high  substrate 
concentrations  the  points  become  very 
crowded.  This  is  statistically  unsound 
since  the  high  substrate-level  points 
are  grossly  underemphasized  while  those 
at  the  lower  levels  are  overemphasized. 
Thus,  determinations  of  Vmax  and  KM 
values  at  high  substrate  concentrations 
are  highly  affected  by  slight  experimen¬ 
tal  errors  in  determination  of  the  plot¬ 
ted  coordinates.  These  coordinates  could 
then  erroneously  be  taken  as  belonging 
to  a  single  uptake  system  where  a  mul¬ 
tiple  system  really  is  involved.  To  avoid 
such  problems,  Vmax  and  KM  values 
have  been  determined  using  the  Hofstee 
equation  (Hofstee,  1952).  With  this 
method,  equal  emphasis  is  given  to  all 


data.  The  values  reported  in  Table  1 
are  computed  using  the  method  of  least 
squares  (pages  410-413  of  Daniels,  et  al.. 
1962)  as  are  those  points  indicated  by 
triangles  in  Figure  3.  Consideration  is 


Figure  3.  —  Hofstee  plot  of  data  pre¬ 
sented  in  Figure  1.  Dependent  axis 
shows  values  for  rate  of  rubidium  uptake 
and  independent  axis  shows  values  for 
ratio  of  uptake  rate  to  substrate  (Rb) 
concentration.  Triangles  represent  points 
calculated  by  the  method  of  least  squares. 
Vmax  =  630.1  nanomoles  Rb/gm.  fr. 
wt/hr  and  KM  =  28.72  x  10*7M  Rb. 


given  only  to  the  intermediate  or  sec¬ 
ond  uptake  mechanism,  since  that  por¬ 
tion  of  the  curve  representing  this  mech¬ 
anism  is  the  only  one  showing  reason¬ 
ably  well-defined  limits. 

A  kinetic  treatment  of  that  uptake 
mechanism  in  operation  over  the  range 
10'6  to  10‘5M  Rb  in  variety  Wf9Rf  shows 
a  Vmax  value  of  630.1  nanomoles  Rb  and 
a  Km  of  28.72  x  10‘7M  Rb  (Table  1). 
Parent  variety  B14  has  the  intermediate 
mechanism  operative  over  the  range  of 
Rb  concentrations  5  x  10-7  to  10'5M.  The 
calculated  Vmax  (841.7  nanomoles  Rb) 
is  higher  than  that  of  Wf9Rf.  The 
values  obtained  for  Rb  uptake  by  an  Fx 
cross  of  the  two  above-mentioned  varie¬ 
ties  (Wf9Rf  x  B14Rf)  show  a  Vmax  of 
203  nanomoles  Rb  for  the  intermediate 
mechanism,  operative  over  the  range  5 
x  10-6  to  2.5  x  10'BM  Rb.  However,  the 
Km  value  is  similar  to  that  of  B14,  the 
parent  more  efficient  in  Rb  accumulation. 

Investigation  of  the  uptake  character¬ 
istics  of  variety  M14  showed  this  variety 
to  be  highly  efficient  over  a  wide  range 
of  substrate  concentrations.  The  sec¬ 
ond  mechanism  functioned  from  10'8M 
Rb  and  achieved  Vmax  in  the  highest 
level  of  substrate  used  (10_4M).  Vmax 
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equals  831.7  nanomoles  Rb  and  KM  equals 
14.48  x  10'7M  Rb.  These  values  are  of 
the  same  order  as  those  of  B14. 

In  a  manner  similar  to  the  hybrid 
cited  earlier,  the  Fx  offspring  of  Wf9  x 
M14  was  less  efficient  than  either  parent. 
Kinetic  analysis  yielded  a  Vmax  of  441.6 
nanomoles  Rb  and  a  KM  of  22.15  x  10*7M 
Rb.  A  similar  situation  applies  to  the 
M14Rf  x  B14Rf  hybrid  as  indicated  by 
a  low  Vmax  of  310.6  nanomoles  Rb.  How¬ 
ever,  the  Km  value  (68.58  x  10_7M  Rb) 
was  significantly  higher. 

The  results  of  similar  experimentation 
on  a  fourth  parent,  Hy2Rf,  show  that  the 
intermediate  carrier  mechanism  operat¬ 
ing  in  the  range  10'6  to  5  x  10'5M  Rb 
achieved  a  Vmax  of  333.1  nanomoles  Rb; 
at  least  50%  lower  than  the  other  parent 
varieties  tested.  The  KM  value  for  this 
mechanism  is  quite  high,  58.40  x  10_7M 
Rb.  When  crossed  with  Wf9Tms,  the  F, 
hybrid  (Wf9Tms  x  Hy2)  showed  unusual 
kinetics  when  compared  with  the  par¬ 
ents.  Values  obtained  were:  Vmax  = 
819.7  nanomoles  Rb  and  KM  =  14.66  x 
10~7M  Rb. 

Discussion 

That  enzyme  kinetic  analyses  are 
applicable  to  active  ion  accumulation 
processes  has  been  previously  sub¬ 
stantiated  (Epstein  and  Hagen, 
1952 ;  Fried  and  Noggle,  1958 ;  Han¬ 
son  and  Kahn,  1957  ;  Kahn  and  Han¬ 
son,  1957 ;  and  Shim  and  Vose, 
1965).  Time-course-of-uptake  ex¬ 
periments  with  corn  show  a  linear 
relationship  over  times  up  to  one 
hour  (Millaway  and  Schmid,  unpub¬ 
lished  data).  Thus,  the  ten-minute 
absorption  period  used  here  is  well 
within  the  steady-state  range  of  ac¬ 
tive  ion  accumulation  processes. 
Therefore,  the  relationship  holds 
that  Vmax  represents  the  maximum 
absorption  rate  at  infinite  substrate 
concentration  and  the  KM  is  the  ap¬ 
parent  dissociation  constant  of  the 
assumed  ion-carrier  complex  (and, 
thus,  a  measure  of  affinity)  (Shim 
and  Yose,  1965),  as  well  as  being 
that  substrate  concentration  at  which 


the  reaction  runs  at  Vmax/2  (Ep¬ 
stein  and  Hagen,  1952).  Then,  the 
assumptions  made  here  and  by  the 
above  mentioned  authors  are  neces¬ 
sary  and  valid.  These  assumptions 
are  as  follows : 

(a)  The  equations, 

k, 

M+  +  R?±MR  (1) 

k2 

k3 

MR^R'  +  M+  (2) 

describe  the  reaction  between 
the  carrier  R  at  the  membrane 
surface  and  the  substrate  ion, 
M+,  to  form  the  labile  complex 
MR  (Equation  1)  which  tra¬ 
verses  the  membrane  and  breaks 
down  releasing  the  ion  inside 
the  cell  (Equation  2)  at  which 
time  the  carrier  is  rendered  un¬ 
able  to  recombine  (R')  with  the 
ion  (M+). 

(b)  The  reaction  rate  constant  k3  is 
relatively  small. 

(c)  Reaction  (2)  is  irreversible  or 
only  slightly  reversible. 

(d)  Concentration  of  the  carrier  is 
small  relative  to  that  of  the  sub¬ 
strate  and  is  constant. 

The  reasons  for  the  use  of  the 
Hofstee  equation  for  the  kinetic  anal¬ 
yses  conducted  here  have  been  pre¬ 
served  in  the  preceding  section  of 
this  paper.  Other  workers,  earlier, 
also  have  seen  the  value  of  this  equa¬ 
tion  in  analyses  of  this  type  (Fried 
and  Noggle,  1958  ;  and  Shim  and 
Vose,  1965). 

The  variety  Wf9Rf  was  found  to 
be  one  of  intermediate-to-high  effi¬ 
ciency,  relative  to  the  other  three 
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parents,  achieving  Vmax/2  at  a  KM 
of  28.72  x  10'7M  Rb.  Variety  B14 
was  the  most  efficient  parent  variety 
used  here  as  shown  by  its  low  KM 
and  its  high  Vmax.  These  values 
for  B14  are  indicative  of  a  high  af¬ 
finity  of  the  carrier  for  the  Rb  ion 
and  a  high  rate  of  turnover.  How¬ 
ever,  it  must  be  noted  that  this  high 
efficiency  also  suggests  a  higher  con¬ 
centration  of  the  carrier  in  B14  than 
in  Wf9Rf.  Such  a  possibility  is  dis¬ 
cussed  by  Noggle  and  Fried  (1960) 
and  Shim  and  Vose  (1965)  who 
found  carrier  concentration  to  have 
a  major  overall  influence  on  differ¬ 
ential  ion  accumulation  in  other  spe¬ 
cies  of  cereal  grains.  However,  since 
carrier  concentration  determinations 
were  not  conducted  in  the  present 
study,  further  mention  of  this  vari¬ 
able  will  be  restricted  to  speculation. 

The  Fi  hybrid  Wf9Rf  x  B14Rf 
showed  uptake  characteristics  unlike 
either  parent  in  that  it  was  extremely 
inefficient.  The  kinetics  suggest  that 
this  inefficiency  is  due  to  a  high  af¬ 
finity  of  the  carrier  for  the  Rb  ion 
(Km  =  12.41  x  10"7M  Rb)  but  a  very 
low  tendency  for  the  carrier  to  re¬ 
lease  the  strongly  bound  ion  (Vmax 
=  203.0  nanomoles  Rb)  ;  i.e.,  the  rate 
constant  k3  in  equation  (2)  is  very 
small.  This  low  hybrid-vigor  is 
quite  contrary  to  expectations  based 
on  the  work  of  Hoffer  (1926) ,  Lyness 
(1936),  and  Smith  (1934),  all  of 
whom  noted  a  tendency  of  hybrids 
to  favor  the  more  efficient  parent. 
However,  Harvey  (1939)  noted  dif¬ 
ferential  responses  in  hybrids,  with 
respect  to  the  parents,  similar  to 
those  found  here,  and  further  indi¬ 
cated  the  absence  of  complete  domi¬ 
nance  in  the  generation. 

The  uptake  kinetics  of  parent  va¬ 


riety  M14  show  this  line  to  be  as 
highly  efficient  as  B14.  As  with  the 
above-mentioned  Fi  hybrid,  the  cross 
M14Rf  x  B14Rf  showed  quite  low 
Rb  uptake  efficiency.  However,  the 
kinetics  of  this  Fi  hybrid  point  to 
very  low  carrier-substrate  affinity 
(Km  =  68.50  x  10‘7M  Rb). 

Crossing  Wf9  with  M14  also  pro¬ 
duced  an  F-l  with  a  Rb  accumulation 
efficiency  below  that  of  either  par¬ 
ent.  In  this  case,  however,  the  higher 
Km  (22.15  x  10"7M  Rb)  suggests  that 
the  inefficiency  is  due  to  a  fairly  low 
carrier-substrate  affinity  similar  to 
that  of  the  inefficient  parent  Wf9Rf 
but  with  a  much  lower  turnover  rate. 
Low  carrier  concentration  also  may 
be  influential  since  the  same  amount 
of  substrate  is  required  by  the  hy¬ 
brid  as  is  required  by  the  Wf9Rf 
parent  (Table  1)  to  attain  a  signif- 
icently  lower  Vmax/2. 

Hy2Rf  was  the  most  inefficient  of 
all  the  parent  varieties  tested.  As 
indicated  by  the  low  Vmax  (333.1 
nanomoles  Rb)  and  high  KM  (58.40 
x  10"7M  Rb)  values,  this  line  owes 
its  low  Rb  response  to  a  very  low 
affinity  of  the  carrier  binding-site  for 
the  Rb  ion.  However,  it  must  be 
noted  that  it  was  very  difficult  to 
germinate  enough  seeds  of  this  va¬ 
riety  to  provide  the  amount  of  roots 
needed  for  experimentation.  Even 
after  an  extended  growth  period  of 
nine  days,  the  roots  obtained  were 
highly  variable  in  length  and  stage 
of  development.  Also,  raw  data  se¬ 
cured  after  experimentation  were  ex¬ 
tremely  variable  and  difficult  to  in¬ 
terpret. 

An  F1  cross  of  Wf9Tms  with  Hy2 
was  found  to  be  quite  different  from 
the  other  Fi  hybrids  tested  in  Rb 
accumulation  behavior.  This  variety 
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was  much  higher  than  either  parent 
in  uptake  efficiency  owing  to  a  high 
affinity  of  the  carrier  for  the  sub¬ 
strate  ion  as  indicated  by  the  low 
Km  value  (14.66  x  10~7M  Kb).  In 
any  case,  the  Fx :  Wf9Tms  x  Hy2  is 
the  only  hybrid  tested  exhibiting  en¬ 
hancement  of  the  Rb  uptake  mechan¬ 
ism  operative  in  the  range  of  sub¬ 
strate  concentrations  used  here. 
General. — The  capability  for  rubid¬ 
ium  uptake  in  several  corn  varieties 
has  been  examined.  How  this  capa¬ 
bility  is  influenced  by  gene  action  is 
unknown.  Vose  (1962)  has  sug¬ 
gested  several  variables  in  a  carrier- 
mediated  system :  concentration  of 
the  carrier,  rate  of  turnover,  specifi¬ 
city  of  the  carrier,  and  relative  pro¬ 
portions  of  the  carriers.  Since  the 
carrier  and  the  membrane  are  prod¬ 
ucts  of  metabolic  activity,  it  follows 
that  their  make-up  is  controlled, 
either  directly  or  indirectly,  by  the 
genetic  systems  regulating  those  bi¬ 
ochemical  reaction  sequences  produc¬ 
ing  them. 

From  the  results  obtained  here  it 
becomes  obvious  that  the  scheme  of 
inheritance  of  the  Rb  uptake  mech¬ 
anism  is  not  a  simple  one.  Rather, 
more  than  one  controlling  factor  is 
indicated.  If  a  simple  Mendelian 
monohybrid  inheritance  scheme  were 
present,  then  the  progeny  of  a 
cross  between  two  inbred  (and  pre¬ 
sumably  homozygous)  parents  of 
high  Rb  uptake  efficiency  should  be 
equally  efficient.  Similarly,  the  ¥1 
offspring  of  an  efficient  inbred  and 
an  inefficient  inbred  should  also 
favor  the  former  parent  (or  if  in¬ 
complete  dominance  were  the  case, 
then  this  cross  should  be  intermedi¬ 
ate).  However,  such  was  not  the 
case  here.  Those  hybrids  of  efficient 


parents  showed  depression  of  effi¬ 
ciency  below  that  of  either  parent, 
while  the  hybrid  of  efficient  and  in¬ 
efficient  parents  showed  an  increase 
in  uptake  efficiency. 

A  scheme  which  may  explain  the 
results  obtained  here  requires  that 
at  least  two  genes  be  active  and  that 
heterozygosity  in  one  particular  gene 
(Bb)  suppress  Rb  uptake.  Using  the 
cross  M14Rf  x  B14Rf  as  an  example 
of  suppression,  the  following  ar¬ 
rangement  is  suggested : 

P,  M14Rf  X  B14Rf 

(AAbb)  (aaBB) 
Efficient  Efficient 

¥1  AaBb 

Inefficient 

This  is  an  example  of  complemen¬ 
tarity  in  gene  interaction,  in  which 
the  dominant  alleles  of  each  of  two 
or  more  genes  are  required  for  the 
expression  of  the  trait  of  inefficiency 
(pp.  80-81  of  King,  1962).  In  the 
case  of  the  Wf9Tms  x  Hy2  hybrid, 
which  shows  high  efficiency  above 
that  of  either  parent,  apparently  one 
dominant  allele  of  one  particular 
gene  (A — )  is  required  for  efficiency 
(see  diagram  below). 

F1  Wf9Tms  X  Hy2 

(AAbb)  (aabb) 
Efficient  Inefficient 

Fx  Aabb 

Highly  efficient 

It  appears  in  this  case  that  Rb 
uptake  inheritance  becomes  “allele 
additive  ’  ’  in  those  ’s  heterozygous 
for  the  gene  Aa,  when  hybrids  are 
derived  from  inefficient  and  efficient 
parents. 
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Resolution  of  this  problem  re¬ 
quires  further  analyses  of  more 
parents  and  Pi  hybrids,  and  a  com¬ 
plete  investigation  of  F2  generations, 
backcrosses,  and  reciprocal  crosses. 

In  all  but  one  variety,  M14,  the  in¬ 
termediate  Rb  uptake  mechanism  ap¬ 
peared  within  the  same  range  of  sub¬ 
strate  concentrations;  5  x  10‘7M  to 
2.5  x  10‘5M  Rb.  Parent  variety  M14 
has  the  second  carrier  operative  from 
10'6M  Rb,  reaching  Ymax  in  the 
highest  level  of  substrate  used,  10"4M 
Rb.  This  indicates  a  general  univer¬ 
sality  of  occurrence  of  similar  multi¬ 
ple  uptake  mechanisms  within  a 
single  species.  Epstein,  Rains,  and 
Elzam  (1963)  earlier  resolved  the 
occurrence  of  multiple  mechanisms 
for  potassium  and  rubidium  accumu¬ 
lation  in  barley  roots.  Working  with 
higher  substrate  concentrations  than 
were  used  here,  they  found  one  mech¬ 
anism  operating  from  2  x  10'5M  Rb 
to  well  above  10"4M  Rb.  This  is  al¬ 
most  identical  to  the  third  carrier 
found  in  the  present  work  in  corn 
roots.  The  kinetic  data  of  Epstein, 
Rains,  and  Elzam  (1963),  however, 
are  slightly  higher  since  their  ex¬ 
perimental  solutions  were  maintain¬ 
ed  at  30° C.  Nevertheless,  the  simi¬ 
larity  between  different  species  is 
apparent.  In  a  series  of  work  also 
in  this  line,  it  has  been  found  that 
these  mechanisms  occur  not  only  in 
the  membranes  of  the  root  cells,  but 
in  the  cells  of  other  plant  organs  as 
well  (Smith  and  Epstein,  1964  a 
and  b).  These  investigators  also 
have  noted  the  similarity  of  ion  ac¬ 
cumulation  between  different  parts 
of  plants  of  different  species. 

It  should  not  be  assumed  that  there 
are  only  three  uptake  mechanisms  in 
corn  roots.  Work  not  reported  here 


indicated  evidence  of  the  occurrence 
of  more  than  three  in  corn,  and  Ep¬ 
stein  (1966)  reports  up  to  five  in 
barley. 
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CONTRIBUTIONS  TO  AN  ILLINOIS  FLORA 
NO.  1.  ORDER  ALISMALES 
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Southern  Illinois  University  and  University  of  Kansas 


Abstract.  —  A  detailed  study  of  the 
order  Alismales  in  Illinois  is  presented. 
Included  are  descriptions,  discussions, 
synonyms,  and  distribution  of  the  taxa 
of  Echinodorus,  Sagittaria,  Alisma,  and 
Butomus  in  Illinois.  Keys  are  also  pre¬ 
sented. 


The  Order  Alismales  in  Illinois, 
as  considered  here,  is  composed  of 
the  families  Alismaceae  (Alismata- 
ceae  by  some  authors)  and  Butoma- 
ceae.  The  group  is  thought  now  by 
many  taxonomists  to  represent  the 
most  primitive  of  the  monocotyle¬ 
dons,  primarily  because  of  the  sev¬ 
eral  ovaries  and  the  more  or  less  dis¬ 
tinguishable  series  in  the  perianth. 
The  Alismales  seems  to  be  paralleled 
in  the  dicotyledons  by  the  Ranales. 

Despite  the  fact  that  the  Alisma¬ 
ceae  shows  a  decided  tendency  to¬ 
ward  unisexuality,  most  evidence  in¬ 
dicates  that  this  family  is  more  prim¬ 
itive  than  the  Butomaceae.  In  the 
Butomaceae,  there  is  a  more  stablized 
number  of  stamens  and  ovaries,  in 
both  cases  the  number  tending  to  be 
reduced  from  that  found  in  tbe  Alis¬ 
maceae.  Furthermore,  the  ovaries 
in  the  Butomaceae  are  slightly  con¬ 
nate  basally,  whereas  they  are  free 
in  the  Alismaceae. 

Within  the  Alismaceae,  Sagittaria 
and  Echinodorus,  with  their  pistils 
borne  in  several  rows  on  the  convex 
receptacle,  may  be  the  primitive 


genera,  while  Alisma,  with  the  pistils 
borne  in  a  single  row  on  the  flat  re¬ 
ceptacle  and  with  a  more  stable  sta¬ 
men  number,  may  be  advanced. 

The  strong  morphological  resem¬ 
blance  between  Sagittaria  and  Echi¬ 
nodorus  suggests  an  extremely  close 
relationship.  Sagittaria  would  seem 
to  be  primitive  on  the  one  hand  be¬ 
cause  of  its  large,  indefinite  number 
of  stamens,  and  advanced  on  the 
other  hand  by  its  unisexual  nature. 

The  Alismaceae  in  Illinois  is  com¬ 
prised  of  eleven  species  in  three 
genera.  Sagittaria,  with  six  species, 
is  the  largest  genus.  Lophotocarpus, 
maintained  by  several  workers  as  a 
genus  distinct  from  Sagittaria,  is 
combined  with  that  genus  in  this 
work.  No  additional  species  have 
been  added  to  this  family  in  Illinois 
for  over  50  years,  although  the  no¬ 
menclature  of  several  of  the  species 
has  been  altered  considerably. 

As  early  as  1846,  Mead  had  re¬ 
ported  four  species  of  Alismaceae  in 
Illinois  and  by  1874,  nine  species  had 
been  reported.  Only  Sagittaria  en- 
gelmanniana  ssp.  brevirostra  (S. 
brevirostra)  and  S.  cuneata  have 
been  added  to  the  Illinois  flora  since 
that  time. 

Care  should  be  taken  when  collect¬ 
ing  specimens  of  this  family  since 
both  flowers  and  fruits  are  generally 
needed  for  positive  identification. 
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All  members  of  the  Alismaceae 
grow  in  or  near  water. 

The  leaves  in  the  family  are  high¬ 
ly  variable,  particularly  in  Sagit¬ 
taria,  but  generally  show  secondary 
veins  at  right  angles  to  the  major 
parallel  veins.  In  some  species  of 
Sagittaria ,  the  submerged  leaves 
usually  are  reduced  to  sheaths 
(phyllodia) . 

The  flowers  are  perfect  in  Echi- 
nodorus  and  Alisma,  but  unisexual 
in  Sagittaria  which  usually  has  the 
staminate  flowers  positioned  above 
the  pistillate  ones. 

The  perianth  is  6-parted,  the  outer 
whorl  of  three  being  green,  with  the 
inner  whorl  of  three  usually  whitish. 

The  stamens  range  from  6-9  in 
Alisma  and  Echinodorus  tenellus 
var.  parvulus  to  12  or  21  in  Echino¬ 
dorus  berteroi  var.  lanceolatus  and 
E.  cordifolius,  and  numerous  and 
indefinite  in  Sagittaria. 

The  fruit  of  the  Alismaceae  is  an 
achene  in  all  three  genera,  winged  in 
Sagittaria  and  beaked  in  both  Sagit¬ 
taria  and  Echinodorus. 

The  adventive  Butomus  umbella- 
tus  is  the  only  Illinois  representative 
of  the  Butomaceae,  having  been 
found  in  Illinois  in  1957. 

Related  to  the  Alismales  is  the 
Juncaginales,  an  order  differing  by 
its  scarcely  distinguishable  series  of 
the  perianth  and  by  the  constant 
stamen  number. 

Order  Alismales 

Herbaceous  perennials  of  marshes 
with  usually  basal  leaves;  flowers  per¬ 
fect  or  unisexual,  regular;  perianth 
composed  of  two  distinct  series  of  three 
members  each,  at  least  the  inner  series 
petaloid;  stamens  6-40,  spirally  ar¬ 
ranged;  ovaries  6  or  more,  free  or  united 
only  at  the  base;  fruit  an  achene  or 
follicle. 


Key  to  the  Families  of  Alismales  in 
Illinois 

1.  Ovaries  10  or  more,  free  to  base; 
inner  series  of  perianth  white;  in¬ 
florescence  racemose  or  paniculate 
. Alismaceae 

1.  Ovaries  6,  united  near  base;  inner 
series  of  perianth  pink;  inflore¬ 
scence  umbellate . Butomaceae 

Family  Alismaceae — Water  Plan¬ 
tain  Family 

Flowers  regular,  perfect  or  unisexual; 
perianth  composed  of  two  distinct  series, 
the  inner  white  and  petal-like;  stamens 
6-40;  ovaries  10  or  more,  free  from  each 
other,  each  1-celled;  fruit  an  achene. 

Key  to  the  Genera  of  Alismaceae  in 
Illinois 

1.  Receptacle  convex,  bearing  several 
rows  of  pistils;  stamens  12-  num¬ 
erous  (6-9  in  E.  tenellus  var.  parvu¬ 
lus)  ;  flowers  unisexual  or  perfect. 

2.  Achenes  not  winged;  base  of 
whorled  inflorescence  branches 
bearing  3  bracts  and  several 
bracteoles;  flowers  perfect;  sta¬ 
mens  never  more  than  21 . 

. 1.  Echinodorus 

2.  Achenes  winged;  base  of  whorl¬ 
ed  inflorescence  branches  bear¬ 
ing  3  bracts  and  0  bracteoles; 
flowers  unisexual;  stamens  us¬ 
ually  more  than  21  . 

. 2.  Sagittaria 

1.  Receptacle  flat,  bearing  a  single 
row  of  pistils;  stamens  6-9;  flow¬ 
ers  perfect . 3.  Alisma 

1.  Echinodorus  Rich. — Burhead 

Flowers  perfect;  receptacle  convex; 
sepals  3,  green,  persistent;  petals  3, 
white,  deciduous;  stamens  6-21;  ovaries 
more  than  10,  distinct,  arranged  in  more 
than  one  series  on  the  receptacle;  ac¬ 
henes  turgid,  ribbed  throughout. 

This  genus  is  related  closely  to  Sagit¬ 
taria,  but  is  separated  by  its  wingless 
achenes,  its  bracteoles  subtending  the 
inflorescence  branches,  and  its  always 
perfect  flowers. 

Fassett  (1955)  has  studied  the  tropical 
American  species,  which  include  our 
three  representatives.  The  stamen  num¬ 
ber  alone  is  sufficient  to  distinguish  the 
three  taxa  in  Illinois. 

Key  to  the  Taxa  of  Echinodorus  in 
Illinois 

1.  Plants  erect,  less  than  10  cm  tall; 
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Maps  1-4. — Map  1.  Illinois  distribution  of  Echinodorus  tenellus  var.  parvulus. 
Map  2.  Illinois  distribution  of  Echinodorus  berteroi  var.  lanceolatus.  Map  3.  Il¬ 
linois  distribution  of  Echinodorus  cordifolius.  Map  4.  Illinois  distribution  of  Sag - 
ittaria  nontevidensis  ssp.  calycina. 
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leaves  linear  to  lanceolate;  flowers 
at  most  only  6  mm  broad;  stamens 
6-9;  achenes  10-15,  beakless  or  near¬ 
ly  so  ...  1.  E.  tenellus  var.  parvulus 

1.  Plants  erec\  usually  more  than  10 
cm  tall,  or  plants  creeping  or  arch¬ 
ing;  leaves  broadly  ovate,  rarely 
lanceolate;  flowers  at  least  8  mm 
broad;  stamens  12-21;  achenes 

more  than  40,  beaked. 

2.  Scape  erect;  stamens  12;  style 

longer  than  the  ovary;  beak  of 

achene  straight . 

.  .  .2.  E.  berteroi  var.  lanceolatus 

2.  Scape  creeping  or  arching;  sta¬ 
mens  21;  style  shorter  than  the 
ovary;  beak  of  achene  incurved 

. 3.  E.  cordifolius 

1.  ECHINODOPUS  TENELLUS  (Mart.) 
Buchenau  var.  PARVULUS  (Engelm.) 
Fassett,  Rhodora  27:185.  1955. 

Alisma  tenellum  Mart,  in  Roem.  &  Schult. 
Syst.  7:1600.  1830. 

Echinodoi'us  parvulus  Engelm.  in  Gray, 
Man.  Bot.  438.  1856. 

Echinodorus  tenellus  (Mart.)  Buchenau, 
Abh.  Naturw.  Ver.  Bremen  2:21.  1868. 

Helianthium  parvulum  (Engelm.)  Small, 
N.  Am.  FI.  17:45.  1909. 

Erect,  rooted  perennial,  with  creeping 
shoots  frequently  present;  leaves  basal, 
the  blade  linear  to  lanceolate,  acute,  tap¬ 
ering  to  base,  to  3  cm  long,  glabrous,  the 
petiole  longer  than  the  blade;  scape  to 
10  cm  tall,  bearing  a  single  whorl  of 
2-8  flowers;  bracts  1-3  mm  long;  flowers 
at  most  only  6  mm  broad;  sepals  sub- 
orbiculate,  subacute,  green,  persistent  in 
fruit,  1-2  mm  long;  petals  suborbiculate, 
subacute,  white,  deciduous,  1-3  mm  long; 
stamens  6-9;  styles  shorter  than  the 
ovaries;  achenes  1.0-1. 5  mm  long,  ribbed, 
beakless  or  with  a  minute  lateral  beak 
0.3  mm  long,  glabrous. 

The  small  burhead  inhabits  wet 
ditches  in  Illinois  where  it  is  extremely 
rare,  with  positive  records  from  only 
three  counties.  Map  1.  The  overall 
range  of  this  species  is  the  eastern 
United  States,  Mexico,  and  Cuba. 

Typical  var.  tenellus  has  longer  an¬ 
thers  and  leaves  concave  toward  the  tip; 
it  is  restricted  to  South  America. 

For  an  extensive  discussion  of  this 
species,  see  Robinson  (1903). 


2.  ECHINODORUS  BERTEROI 

(Spreng.)  Fassett  var.  LANCEOLA¬ 
TUS  (Engelm.)  Fassett,  Rhodora  57: 
144.  1955. 

Alisma  rostratum  Nutt.  Trans.  Am.  Phil. 
Soc.  5:159.1837. 

Echinodorus  rostmtus  (Nutt.)  Engelm. 
in  Gray,  Man.  460.  1848. 

Echinodorus  rostratus  var.  lanceolatus 
Englem.  ex  Wats.  &  Coult.  in  Gray, 
Man.  556.  1891. 

Echinodorus  cordifolius  var.  lanceolatus 
(Engelm.)  Mack.  &  Bush,  Man.  FI. 
Jackson  Co.  Mo.  10.  1902. 

Echinodorus  cordifolius  f.  lanceolatus 
(Engelm.)  Fern.  Rhodora  38:  73.  1936. 

Echinodorus  rostratus  f.  lanceolatus 
(Engelm.)  Fern.  Rhodora  49:108.  1947. 

Erect,  rooted  perennial;  leaves  basal, 
the  blade  broadly  ovate,  rarely  lanceo¬ 
late,  obtuse,  cordate  or  truncate  at  base, 
to  15  cm  long,  to  10  cm  broad,  glabrous, 
the  petiole  longer  than  the  blade;  scape 
usually  more  than  10  cm  tall,  with  (1-) 
several  clusters  of  3-8  flowers;  bracts 
3-6  mm  long;  flowers  8-10  mm  broad; 
sepals  ovate,  acute,  green,  persistent  in 
fruit,  4-5  mm  long;  petals  ovate  to  sub¬ 
orbiculate,  acute,  white,  deciduous,  5-10 
mm  long,  stamens  12;  styles  longer  than 
the  ovaries;  achenes  2. 5-3. 5  mm  long, 
with  a  straight  beak  about  1  mm  long. 
2n  =  22  (Heiser  &  Whitaker,  1948). 

Echinodorus  loerteroi  var.  lanceolatus 
ranges  from  Ohio  to  California,  south  to 
Texas  and  Florida.  It  has  an  outlying 
station  in  Delaware.  It  also  extends  into 
Mexico.  In  Illinois,  where  it  occurs  in 
wet  ditches  and  along  swamp  borders, 
this  taxon  is  scattered  throughout  the 
southern  three-fourths  of  the  state,  as 
well  as  in  Carroll  County.  Map  2. 

The  nomenclature  for  this  taxon  has 
been  confused.  For  awhile,  this  species 
was  erroneously  called  E.  cordifolius. 
Then  it  was  called  E.  rostratus,  until 
Fassett  discovered  the  identity  of  Alisma 
~berteroi,  the  basionym.  Typical  var. 
~berteroi,  from  the  southwestern  United 
States,  Central  America,  and  the  West 
Indies,  has  larger  beaks  on  the  nutlets 
and  larger  anthers. 

3.  ECHINODORUS  CORDIFOLIUS  (L.) 
Griseb.  Abh.  Ges.  Wiss.  Gott.  7:257. 
1857. 

Alisma  cordifolia  L.  Sp.  PI.  343.  1753. 
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Sagittaria  radicans  Nutt.  Trans.  Am. 

Phil.  Soc.  5:159.  1837. 

Echinodorus  radicans  (Nutt.)  Engelm. 

in  Gray,  Man.  460.  1848. 

Creeping  or  arching  perennial;  leaves 
upright,  broadly  ovate,  obtuse,  cordate, 
to  20  cm  long,  to  17  cm  broad,  glabrous, 
conspicuously  cross-veined  on  the  lower 
surface;  scape  prostrate,  creeping,  over 
50  cm  long,  bearing  many  whorls  of 
flowers;  bracts  10-25  mm  long;  flowers 
more  than  12  mm  broad;  sepals  ovate 
to  suborbiculate,  obtuse,  green,  persist¬ 
ent  in  fruit,  5-7  mm  long;  petals  obovate, 
obtuse,  white,  deciduous,  6-12  mm  long; 
stamens  21;  styles  shorter  than  the 
ovaries;  achenes  1.8-2. 2  mm  long,  ribbed, 
with  an  incurved  beak  about  0.5  mm 
long.  2n  =  22  (Baldwin  &  Speese,  1955). 

The  creeping  burhead  occupies  similar 
habitats  as  E.  berteroi  var.  lanceolatus. 
It  is  not  common  in  Illinois,  apparently 
restricted  to  the  western  side  of  the 
state,  except  for  Crawford  County.  Map 

3.  This  species  ranges  from  Maryland 
to  Kansas,  south  to  Texas  and  Florida, 
extending  into  Mexico. 

This  taxon  resembles  E.  berteroi  var. 
lanceolatus ,  but  differs  by  its  arching 
growth  habit,  its  21  stamens,  and  the 
curved  beak  of  its  achenes. 

During  the  period  that  E.  rostratus 
(=  E.  berteroi )  erroneously  was  called 
E.  cordifolius,  this  species  (the  true  E. 
cordifolius )  was  known  as  E.  radicans. 

2.  Sagittaria  L.  —  Arrow-Leaf 

Mostly  aquatic  perennial  herbs,  with 
milky  sap;  leaves  emersed,  floating,  or 
submerged,  with  sheathing  petioles,  the 
submerged  leaves  sometimes  reduced  to 
phyllodia;  flowers  whorled,  bracteate, 
mostly  unisexual,  with  the  staminate 
flowers  above  the  pistillate;  sepals  3, 
greenish,  persistent,  those  of  the  stami¬ 
nate  flowers  reflexed,  those  of  the  pistil¬ 
late  flowers  appressed,  spreading,  or  re¬ 
flexed;  petals  3,  white  or  pinkish,  decid¬ 
uous;  stamens  whorled,  mostly  numer¬ 
ous;  carpels  numerous,  distinct,  1-celled, 
spirally  arranged  on  a  dome-shaped  re¬ 
ceptacle;  achenes  flat,  winged,  beaked. 

Lophotocarpus  T.  Dur.  is  included 
within  Sagittaria  since  Mason  (1952) 
and  Bogin  (1955)  have  pointed  out  that 
the  usual  distinguishing  characters  of 
Lophotocarpus  of  annuals  with  stami¬ 
nate  flowers  above  and  pistillate  flowers 
below  do  not  hold  up. 

Sagittaria  is  distinguished  from  Echi¬ 
nodorus  by  its  flattened  achenes  and 


usual  presence  of  separate  staminate 

and  pistillate  flowers. 

A  recent  revision  of  the  genus  is  by 

Bogin  (1955). 

Key  to  the  Taxa  of  Sagittaria  in 
Illinois 

1.  Filaments  roughened  with  minute 

scales. 

2.  Peduncle  and  pedicel  inflated; 
sepals  tightly  appressed  to  fruit¬ 
ing  head  .  .  .  1.  S.  montevidensis 
ssp.  calycina 

2.  Peduncle  and  pedicel  slender; 
sepals  usually  reflexed. 

3.  Pistillate  flowers  and  fruit¬ 
ing  heads  sessile  or  subses- 
sile . 2.  S.  rigida 

3.  Pistillate  flowers  and  fruit¬ 
ing  heads  long-pedunculate. . 
. 3.  S.  graminea 

1.  Filaments  glabrous. 

4.  Mature  achene  with  1-3  facial 
wings;  beak  of  achene  inserted 
apically. 

5.  Beak  of  achene  less  than  0.5 
mm  long,  straight,  with  1 
small,  narrow  facial  wing; 
bracts  usually  less  than  2  cm 
long . 4.  S.  cuneata 

5.  Beak  of  achene  more  than 
0.5  mm  long,  usually  reflexed 
at  apex,  usually  with  2-3  fa¬ 
cial  wings  with  1  well  de¬ 
veloped;  bracts  usually  more 

than  2  cm  long  . 5.  S. 

engelmanniana  ssp.  breviro- 
stra 

4.  Mature  achene  with  marginal 
wings  only;  beak  of  achene  in¬ 
serted  laterally  .  .  .  6.  S.  latifolia 

1.  SAGITTARIA  MONTEVIDENSIS  ssp. 

CALYCINA  (Engelm.)  Bogin,  Mem. 

N.  Y.  Bot.  Gard.  9:197.  1955. 

Sagittaria  calycina  Engelm.  in  Torrey, 

Bot.  Mex.  Bound.  Surv.  212.  1859. 

Sagittaria  calycina  var.  maxima  Engelm. 

in  Torrey,  Bot.  Mex.  Bound.  Surv.  212. 

1859. 

Lophotocarpus  calycinus  (Engelm.)  J. 

G.  Sm.  Mem.  Torrey  Club  5:25.  1894. 

Lophotocarpus  depauperatus  J.  G.  Sm. 

Ann.  Rep.  Missouri  Bot.  Gard.  11:148. 

1899. 

Lophotocarpus  calycinus  f.  maximus 

(Engelm.)  Fern.  Rhodora  38:  73.  1936. 
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Maps  5*8. — Map  5.  Illinois  distribution  of  Sagittaria  rigida.  Map  6.  Illinois 
distribution  of  Sagittaria  graminea.  Map  7.  Illinois  distribution  of  Sagittaria 
cuneata.  Map  8.  Illinois  distribution  of  Sagittaria  engelmanniana  ssp.  brevirostra. 
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Annual  or  perennial,  monoecious  or 
dioecious,  erect  or  lax  and  sprawling,  the 
scape  5  cm  to  2  m  tall,  the  flower  stalk 
equalling  or  shorter  than  the  leaves, 
drooping;  emersed  leaves  sagittate,  the 
floating  leaves  ovate,  the  submerged 
leaves  reduced  to  linear  phyllodia; 
petiole  long,  usually  rather  smooth  with 
expanded  base;  emersed  blade  sagittate, 
prominently  nerved,  deltoid  or  deltoid- 
orbicular  with  acute  apex,  1-10  cm  long, 
1-16  cm  broad,  basal  lobes  ovate-lanceo¬ 
late,  acute  or  acuminate,  shorter  than 
length  of  blade,  1-12  cm  long,  1.0-7. 5  cm 
broad;  floating  blades  ovate,  to  2.5  cm 
long,  the  submerged  leaves  reduced  to 
phyllodia;  scape  with  3-12  whorls  of 
flowers;  peduncle  inflated,  smooth,  with 
few  flowers;  flowers  in  whorls  of  3,  the 
upper  either  staminate  or  pistillate,  the 
lower  usually  pistillate;  bracts  3,  fused 
basally  to  form  a  sheath  around  stem, 
not  prominently  veined,  small  and  hya¬ 
line,  ovate,  acute,  to  1  cm  long,  about 
0.5  cm  broad;  pedicels  long,  inflated, 
terete,  to  6  cm  long;  sepals  free,  short, 
persistent,  erect  and  closed,  appressed 
to  fruiting  head,  ovate  to  ovate-elliptic 
with  obtuse  apex,  to  1.3  cm  long,  to  1.7 
cm  broad;  petals  free,  equalling  or 
slightly  shorter  than  sepals,  ovate,  ob¬ 
tuse,  0.7-1. 5  cm  long,  0.5-1. 5  cm  broad; 
stamens  numerous,  to  3  mm  long,  the 
filaments  narrowly  winged  at  margin, 
pubescent,  equalling  anther;  fruiting 
head  globoid,  2-4  cm  in  diameter  when 
mature,  very  smooth  in  appearance  to 
horizontal  beak  of  achene;  achene  nar¬ 
rowly  cuneate-ovoid,  to  3  mm  long,  to 
2.5  mm  broad,  narrowly  winged  on  both 
margins,  with  a  well-developed  resin 
duct  at  apex  of  embryo  and  at  the  base 
of  horizontal,  straight  beak;  beak  about 
1  mm  long. 

This  taxon  occurs  in  marshes  or  shal¬ 
low  water  or  along  pond  margins  or 
shorelines  from  Ohio  to  South  Dakota, 
south  to  New  Mexico,  Louisiana,  and 
Tennessee.  It  also  occurs  in  California 
and  Mexico.  In  Illinois,  it  is  local 
throughout  the  central  and  southern 
counties,  but  is  apparently  absent  from 
the  northern  counties.  Map  4. 

This  plant  is  identified  rather  easily 
by  the  greatly  enlarged  peduncle  and 
pedicels,  the  erect  sepals  which  are 
tightly  appressed  to  the  fruiting  head, 
and  the  leaves  which  have  a  wrinkled  ap¬ 
pearance.  As  in  most  of  the  Sagittarias, 
the  achene  is  an  important  characteristic 
in  identification,  and  should  be  mature. 
If  immature,  the  achene  can  readily  be 
confused  with  that  of  8.  latifolia,  but 


8.  calycina  may  be  separated  by  its 
bracts,  peduncle,  and  pedicel.  The  pubes¬ 
cent  filaments,  hyaline  bracts,  straight 
long  beak  of  achene,  and  well  developed 
resin  ducts  of  the  achene  readily  identify 
this  species. 

Both  gigantic  (to  2  m  tall)  and 
dwarfed  (5  cm  tall)  specimens  occur. 

The  typical  subspecies  of  8.  montevi- 
densis  occurs  naturally  in  South  America. 

2.  SAGITTARI A  RIGIDA  Pursh,  FI.  Am. 

Sept.  397.  1814. 

Plants  monoecious  or  dioecious,  erect, 
1. 5-8.0  dm  tall,  the  flower  stalk  equalling 
or  slightly  shorter  than  the  leaves, 
rather  slender;  petiole  long,  weak, 
slightly  ridged,  with  expanded  base; 
blades  ovate-elliptic,  lanceolate,  or  has¬ 
tate,  prominently  nerved,  acute  at  apex, 
2-16  cm  long,  3-9  cm  broad,  or  blade 
lanceolate  with  acute  apex,  8-18  cm  long, 
1-4  cm  broad,  or  blade  hastate  with  acute 
apex.  5-15  cm  long,  3-9  cm  broad,  the 
lobes  either  1  or  2,  if  2,  poorly  developed, 
unequal  in  length  and  width,  3-8  cm  long. 
0.5-1. 5  cm  broad;  peduncle  weak,  slightly 
ridged,  few-flowered;  flowers  in  whorls 
of  3,  the  upper  either  staminate  or  pistil¬ 
late,  the  lower  pistillate;  bracts  opposite 
the  pedicels,  fused  about  %  entire 
length,  weak,  prominently  nerved  with 
a  hyaline  margin,  rather  inconspicuous, 
ovate,  obtuse,  2-6  mm  long,  including 
the  lobes  up  to  2  mm  long,  to  5  mm 
broad;  pedicels  of  staminate  flower  long, 
slender,  terete;  pistillate  flowers  sessile; 
sepals  free,  short,  with  hyaline  margin, 
persistent  and  reflexed  after  flowering, 
ovate-lanceolate  with  rounded  or  obtuse 
apex,  0. 4-1.0  cm  long,  to  0.5  cm  broad; 
stamens  numerous,  to  4  mm  long,  fila¬ 
ments  inflated,  densely  pubescent  or 
scaly,  exceeding  length  of  broad  anther; 
fruiting  head  globoid,  2-3  cm  in  diameter 
when  mature,  prickly  in  appearance  due 
to  erect  curved  beak  of  achene;  achene 
oblongoid,  2. 5-7.0  mm  long,  2. 5-4.0  mm 
broad,  with  a  well-developed  crested 
dorsal  wing,  a  small  narrow  ventral 
wing,  usually  1  small  facial  keel,  with 
resin  ducts  well-developed  at  apex  of 
embryo;  beak  of  achene  usually  termi¬ 
nal,  erect,  recurved,  1.0-1. 5  mm  long.  2n 
=  22  (Oleson,  1941). 

This  species  ranges  from  Quebec  to 
Minnesota,  south  to  Nebraska,  Missouri, 
Tennessee,  and  Virginia,  where  it  is 
found  in  shallow  water,  in  swamps,  in 
muddy  sand,  and  along  the  margins  of 
ponds  and  waterways.  It  is  relatively 
uncommon  in  Illinois.  Map  5. 
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Sagittaria  rigida  is  recognized  read¬ 
ily  by  the  sessile  fruiting  heads,  incon¬ 
spicuous  bracts,  and  long  recurved  beak 
of  the  achene.  The  three  basic  types  of 
leaves  —  ovate-elliptic,  lanceolate,  and 
hastate — may  all  be  borne  on  the  same 
plant.  Frequently,  however,  only  one 
of  the  leaf  forms  may  be  present.  Us¬ 
ually,  if  the  plant  is  submerged  for  any 
length  of  time,  the  unlobed  forms  de¬ 
velop;  if  emersed,  the  lobed  leaves 
develop. 

Several  authors  state  that  phyllodia 
are  present  in  this  species.  Of  the  speci¬ 
mens  examined,  no  trace  of  phyllodia 
was  noted  in  the  Illinois  specimens. 

Bogin  (1955)  reports  that  8.  rigida 
apparently  hybridizes  with  8.  graminea. 

3.  SAGITTARIA  GRAMINEA  Michx.  FI. 

Bor.  Am.  2: 190.  1803.  var.  GRAMINEA 

Sagittaria  acutifolia  Pursh,  FI.  Am.  Sept. 

2:397.  1814. 

Plants  monoecious  or  dioecious,  erect, 
0. 5-5.0  dm  tall,  the  flower  stalk  equalling 
or  slightly  shorter  than  leaves,  rather 
slender  in  appearance;  petiole  long, 
slender,  minutely  ridged,  with  expanded 
base;  blade  either  entire,  hastate,  or  rep¬ 
resented  by  bladeless  phyllodia,  promi¬ 
nently  nerved,  the  unlobed  blade  linear- 
lanceolate,  tapering  to  acute  apex,  2-17 
cm  long,  3-5  cm  broad,  the  hastate  blade 
with  lobes  usually  unequal  in  both  length 
and  width,  up  to  2.5  cm  long,  2  mm 
broad,  the  phyllodia  linear-lanceolate, 
tapering  to  acuminate  tip,  to  19  cm  long, 
to  2  cm  broad ;  peduncle  slender,  mi¬ 
nutely  ridged,  sparsely  flowered,  the 
flowers  in  whorls  of  3,  upper  flowers 
either  staminate  or  pistillate,  lower 
flowers  pistillate;  bracts  3,  opposite  the 
pedicel,  basally  connate  to  fused  y2  their 
entire  length,  weak,  prominently  nerved, 
hyaline  in  appearance,  inconspicuous, 
ovate,  obtuse,  2  mm  long,  1-2  mm  broad; 
pedicels  long,  slender,  terete,  with  stami¬ 
nate  and  pistillate  being  same  length, 
1-3  cm  long;  sepals  basally  connate, 
short,  with  a  hyaline  margin,  persistent, 
reflexed  in  fruit,  ovate-lanceolate  with 
obtuse  apex,  3-6  mm  long,  1-3  mm  broad; 
petals  free,  greatly  exceeding  sepals, 
ovate,  narrowing  to  slender  claw  at  base, 
obtuse,  1-2  cm  long,  1-2  cm  broad;  sta¬ 
mens  numerous,  to  3  mm  long,  the  fila¬ 
ments  inflated,  scaly,  shorter  than  an¬ 
ther;  fruiting  head  globoid,  small,  4-8 
mm  in  diameter  when  mature,  smooth  in 
appearance;  achene  narrowly  ovoid,  2 
mm  long,  1  mm  broad,  with  both  ventral 


and  dorsal  wings  well-developed,  1-3  fa¬ 
cial  wings  with  one  well-developed,  with 
a  well-developed  resin  duct  along  one 
side  of  embryo,  the  beak  usually  oblique 
to  horizontal  and  borne  below  summit  of 
achene,  short,  less  than  0.3  mm  long.  2n 
=  22  (Brown,  1946). 

This  species  occurs  in  mud,  sand,  or 
shallow  water,  often  in  swamps,  from 
Labrador  to  South  Dakota,  south  to 
Texas  and  Florida,  as  well  as  Cuba.  It 
is  relatively  uncommon  in  Illinois,  where 
it  is  found  primarily  in  the  central  and 
northern  counties.  Map  6. 

Sagittaria  graminea  is  most  often 
confused  with  8.  rigida ,  but  can  easily 
be  separated  by  the  fruiting  heads  with 
long  pedicals  in  8.  graminea.  The  very 
short  horizontal  beak  of  the  achene  with 
1-3  facial  wings,  the  small,  fused,  hyaline 
bracts,  and  presence  of  phyllodia  all 
help  to  separate  8.  graminea  from  8. 
rigida  and  the  other  members  of  this 
genus  in  Illinois. 

Two  additional  varieties  of  >8.  gram¬ 
inea  approach  Illinois,  but  have  not  as 
yet  been  found  in  Illinois.  Variety  platy- 
phylla,  with  recurved  pedicels  of  the 
pistillate  heads  and  an  achene  beak 
longer  than  3  mm,  is  a  southwestern 
United  States  taxon  which  reaches  north 
to  the  “boot-heel”  of  Missouri.  Variety 
cristata,  with  the  filaments  as  long  as 
the  anthers,  is  a  taxon  of  the  Great 
Lakes  region,  which  extends  southward 
to  the  southeastern  corner  of  Wisconsin. 

4.  SAGITTARIA  CUNEATA  Sheld.  Bull. 

Torrey  Club  20:283.  1893. 

Sagittaria  arifolia  Nutt,  ex  J.  G.  Sm. 

Missouri  Bot.  Gard.  Rep.  6:6.  1894. 

Plants  monoecious  or  dioecious,  erect, 
to  7  dm  tall,  the  flower  stalk  usually  ex¬ 
ceeding  the  leaves,  slender;  petiole  long, 
slender,  generally  smooth,  with  a  slight¬ 
ly  expanded  base;  blade  sagittate,  promi¬ 
nently  nerved,  broadly  rounded  or  slight¬ 
ly  tapering  to  acute,  bristle-tipped  apex, 
with  median  constrictions  along  each 
margin  opposite  the  attachment  of  pet¬ 
iole,  6-10  cm  long,  1.0-4. 5  cm  broad, 
basal  lobes  broadly  lanceolate,  tapering 
to  acuminate  apex,  equalling  or  slightly 
exceeding  the  blade  in  length;  peduncle 
slender,  smooth;  inflorescence  sparsely 
flowered,  the  flowers  in  whorls  of  3,  un¬ 
branched,  the  upper  predominantly  stam¬ 
inate,  the  lower  predominantly  pistillate, 
occasionally  both  staminate  and  pistil¬ 
late  at  the  same  node;  bracts  3,  opposite 
the  pedicel,  basally  connate,  firm,  promi- 
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nently  nerved  with  a  subhyaline  margin, 
usually  shorter  than  immature  flower 
head,  erect,  narrowly  lanceolate,  acute  to 
acuminate  at  apex,  to  2  cm  long,  to  5  mm 
wide;  pedicels  long,  slender,  terete, 
with  the  staminate  slightly  longer  than 
pistillate,  the  staminate  up  to  2  cm 
long,  the  pistillate  up  to  1  cm  long; 
sepals  free,  short,  persistent  and  us¬ 
ually  reflexed  after  flowering,  ovate  with 
obtuse  apex,  8  mm  long,  5  mm  broad; 
petals  free,  equalling  or  exceeding  the 
sepals,  ovate  and  tapering  to  a  slender 
claw,  obtuse  at  apex,  8-10  mm  long,  5-8 
mm  broad;  stamens  numerous,  to  5  mm 
long,  the  filaments  slender,  glabrous,  1 
mm  longer  than  the  anther;  fruiting 
head  globoid,  to  1.5  cm  in  diameter 
when  mature;  achene  ovoid,  up  to  2.8 
mm  long,  to  2  mm  broad,  with  small 
ventral  and  lateral  wings,  with  a  small 
facial  wing,  with  resin  ducts  unde¬ 
veloped,  the  erect,  terminal  beak  up 
to  0.4  mm  long.  2n  =  22  (Brown,  1946, 
as  8.  arifolia). 

The  usual  habitat  for  8.  cuneata  is  in 
mud  or  water  in  sloughs  or  along  water¬ 
ways.  This  species  ranges  all  across 
northern  North  America  south  to  Cali¬ 
fornia,  Texas,  Illinois,  and  New  York. 
Thus  far  it  is  known  in  Illinois  only 
from  the  central  and  northern  counties. 
Map  7. 

Sagittaria  cuneata  can  easily  be  dis¬ 
tinguished,  when  mature,  by  the  slender 
appearance  of  the  plant  and  the  very 
short,  erect,  terminal  beak  of  the  ovoid 
achene.  The  immature  specimens  are 
very  difficult  to  separate  from  8.  engel- 
manniana  ssp.  brevirostra. 

5.  SAGITTARIA  ENGELMANN  IAN  A  J. 

G.  Sm.  ssp.  BREVIROSTRA  (Mack. 

&  Bush)  Bogin,  Mem.  N.  Y.  Bot.  Gard. 

9(2) : 224.  1955. 

Sagittaria  brevirostra  Mack.  &  Bush, 

Missouri  Bot.  Gard.  Rep.  16:102.  1905. 

Plants  monoecious  or  dioecious,  erect, 
4-7  dm  tall,  the  flower  stalk  equalling  or 
slightly  exceeding  leaves,  robust  in  ap¬ 
pearance;  petiole  long,  stout,  ridged, 
with  expanded  base;  blade  sagittate,  has¬ 
tate,  or  very  rarely  entire,  prominently 
nerved,  the  blade  usually  tapering  to 
the  narrowly  obtuse  apex,  with  median 
constrictions  along  each  margin  opposite 
the  attachment  of  the  petiole,  10-22  cm 
long,  3-12  cm  broad,  basal  lobes  lanceo¬ 
late  to  ovate-lanceolate  tapering  to  the 
acute,  bristle-tipped  apex,  equalling  or 
slightly  exceeding  the  blade  in  length, 
9.5-22.0  cm  long,  2. 5-7. 5  cm  broad;  pedun¬ 


cle  stout,  ridged,  densely  flowered,  the 
flowers  in  whorls  of  3  or  4,  the  lower 
whorls  occasionally  replaced  by  branch¬ 
es,  the  upper  flowers  either  staminate  or 
pistillate,  the  lower  flowers  entirely  pis¬ 
tillate;  bracts  as  many  as  and  opposite 
the  pedicels,  free  or  slightly  connate 
basally,  firm,  prominently  nerved  with 
a  hyaline  margin,  equalling  or  exceed¬ 
ing  the  immature  flower  head,  arched- 
ascending  with  reflexed  tips,  lanceolate 
to  ovate-lanceolate,  long-attenuate  or 
acute,  1. 5-4.0  cm  long,  0. 5-1.0  cm  broad; 
pedicels  long,  slender,  terete,  those  of 
the  staminate  flowers  being  slightly 
longer  than  those  of  the  pistillate, 
staminate  1. 5-3.0  cm  long,  pistillate 

1- 2  cm  long;  sepals  free,  short,  with 
hyaline  margin,  persistent  and  usual¬ 
ly  reflexed  after  flowering,  ovate-lan¬ 
ceolate  with  acute  or  obtuse  apex,  0.6-1. 5 
cm  long,  0.6-1. 5  cm  broad;  petals  free, 
exceeding  the  sepals,  orbicular  with  a 
short  claw,  obtuse,  1-2  cm  long,  1.0-1. 5 
cm  broad;  stamens  numerous,  to  5  mm 
long,  filaments  slender,  glabrous,  equal¬ 
ling  the  anther;  fruiting  head  globoid, 

2- 3  cm  in  diameter  when  mature;  achene 
cuneate-ovoid,  2. 5-3.0  mm  long,  1-2  nm 
broad,  with  a  ventral  narrow  wing  and  a 
broad,  crested  dorsal  wing,  with  1-3 
facial  wings  with  one  usually  well  de¬ 
veloped,  with  resin  ducts  not  developed 
at  apex  of  embryo,  the  broad-based  beak 
usually  oblique,  rarely  erect,  recurved 
at  apex,  0. 5-1.5  mm  long. 

This  is  one  of  the  more  common  spe¬ 
cies  of  Sagittaria  in  Illinois.  Map  8.  Its 
overall  range  is  Michigan  to  South  Da¬ 
kota,  south  to  Texas,  Mississippi,  and 
Georgia,  where  it  occurs  in  sloughs,  in 
shallow  water,  and  along  shorelines. 

Sagittaria  engelmanniana  ssp.  brevi- 
rostra  is  most  often  confused  with  S. 
latifolia ,  but  can  easily  be  distinguished 
by  the  long  attenuate  bracts,  the  pres¬ 
ence  of  facial  wings  on  the  achene,  and 
the  beak  of  the  achene’  with  recurved 
apex.  Much  confusion  can  occur  when 
examining  immature  specimens  of  8. 
brevirostra,  S.  cuneata ,  and  8.  latifolia. 
Even  though  achenes  are  not  fully  de¬ 
veloped,  the  relative  position  and  length 
of  the  beak  and  size  and  shape  of  the 
bracts  separate  the  species  adequately. 

Subspecies  engelmanniana  is  restrict¬ 
ed  to  the  states  along  the  Atlantic  sea¬ 
board.  Subspecies  longirostra,  with  more 
recurved,  longer  beaks  of  the  achenes,  is 
a  southeastern  United  States  species 
which  ranges  to  Pulton  County,  Ken¬ 
tucky,  just  across  from  the  southern  tip 
of  Illinois. 
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Maps  9-12. — Map  9.  Illinois  distribution  of  Sagittaria  latifolia.  Map  10.  Illi¬ 
nois  distribution  of  Alisma  plant  ago-aquatica  var.  americanum.  Map  11.  Illinois 
distribution  of  Alisma  sul>cordatum.  Map  12.  Illinois  distribution  of  Butomus 
umbellatus. 
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Bogin  (1955)  reports  hybridization  be¬ 
tween  S.  engelmanniana  and  8.  latifolia, 
and  possibly  between  S.  engelmanniana 
and  8.  cuneata. 

6.  SAGITTARI A  LATI FOLIA  Willd.  Sp. 

PI.  4:409.  1805.  var.  LATIFOLIA. 

Sagittaria  simplex  Pursh,  FI.  Am.  Sept. 
2:397.  1814. 

Sagittaria  variabilis  Engelm.  in  A.  Gray, 
Man.  Bot.  461.  1848. 

Sagittaria  variabilis  var.  diversifolia 
Engelm.  in  A.  Gray,  Man.  Bot.  439. 
1856. 

Sagittaria  latifolia  f.  diversifolia  (En¬ 
gelm.)  B.  L.  Robins.  Rhodora  10:31. 
1908. 

Plants  monoecious  or  dioecious,  erect, 
4. 0-8. 3  dm  tall,  the  flower  stalk  equalling 
or  slightly  exceeding  the  leaves,  robust 
in  appearance;  petiole  long,  stout, 
ridged,  with  expanded  base;  blade  has¬ 
tate  or  sagittate,  prominently  nerved, 
usually  broadly  rounded  to  the  acute 
apex,  with  median  constrictions  along 
each  margin  opposite  the  attachment  of 
the  petiole,  6-20  cm  long,  5-19  cm  broad, 
basal  lobes  broadly  lanceolate,  tapering 
to  the  acute  or  obtuse,  bnstle-tipped  a- 
pex,  usually  equalling  or  rarely  exceed¬ 
ing  the  blade  in  length,  5-23  cm  long,  2- 
11  cm  broad;  peduncle  stout,  smooth, 
sparsely  flowered,  the  flowers  in  whorls 
of  3,  rarely  branched  at  first  node,  the  en¬ 
tire  stalk  staminate,  pistillate,  or  both; 
bracts  3,  opposite  the  pedicels,  free  or 
slightly  connate  basally,  thin,  promi¬ 
nently  nerved  with  hyaline  margin, 
much  shorter  than  the  flower  head, 
erect,  ovate-lanceolate,  obtuse,  1  cm  or 
less  long,  1  cm  or  less  broad;  pedicels 
long,  slender,  terete,  with  those  of  the 
staminate  and  pistillate  flowers  about 
equal  in  length,  to  5  cm  long;  sepals 
free,  short,  with  hyaline  margin,  persist¬ 
ent  and  reflexed  after  flowering,  ovate, 
the  apex  obtuse  or  shallowly  bilobed, 
0.5-1. 5  cm  long,  0. 5-1.0  cm  broad;  petals 
free,  exceeding  the  sepals,  orbicular  with 
short  claw,  obtuse,  1-2  cm  long,  1-2  cm 
broad;  stamens  numerous,  to  5  mm  long; 
filaments  slightly  inflated,  glabrous, 
longer  than  the  anther;  fruiting  head 
globoid,  2-3  cm  in  diameter  when  ma¬ 
ture;  achene  obvoid,  2. 5-3.0  mm  long, 
3-4  mm  broad,  with  a  narrow  ventral 
wing  and  a  broad  dorsal  wing  forming 
a  low  crest  at  apex  of  achene,  without 
facial  wings,  with  usually  one  well  de¬ 


veloped  resin  duct  on  facial  surface  over 
center  of  embryo,  with  the  beak  of  the 
achene  horizontal  and  straight,  to  2  mm 
long. 

This  species  has  the  broadest  range  of 
any  taxon  of  Sagittaria  which  occurs  in 
Illinois.  It  occurs  throughout  most  of 
North  America,  extending  into  Ecuador; 
it  also  is  known  from  Hawaii.  It  is 
found  in  most  aquatic  or  semi-aquatic 
habitats.  It  seemingly  occurs  more  fre¬ 
quently  in  the  northern  and  central  coun¬ 
ties  of  Illinois.  Map  9. 

In  Illinois,  S.  latifolia  is  not  as  com¬ 
mon  as  reported  by  earlier  authors,  pri¬ 
marily  due  to  the  confusion  with  S. 
engelmanniana  ssp.  brevirostra.  (See 
discussion  of  S.  engelmanniana  ssp.  brev¬ 
irostra.) 

The  leaf  outline  of  S.  latifolia  is  ex¬ 
tremely  variable  and,  therefore,  not  a 
good  identification  character.  The  thin, 
short,  obtuse  bracts,  mature  achene  with 
no  facial  wings,  and  the  horizontal, 
straight  beak  easily  distinguish  this 
species. 

3.  Alisma  L.  —  Water  Plantain 

Flowers  perfect;  receptacle  flat;  se¬ 
pals  3,  green;  petals  3,  white;  stamens 
6  or  9;  ovaries  10-25,  distinct,  arranged 
in  a  single  series;  achenes  flattened,  rib¬ 
bed  only  on  the  back. 

This  genus  is  distinguished  readily 
from  Sagittaria  and  Echinodorus  by  its 
ovaries  arranged  in  a  single  series  on 
the  flat  receptacle. 

A  monograph  of  the  genus,  prepared 
by  Hendricks  (1957),  does  not  seem  to 
depict  adequately  our  species. 

Key  to  the  Species  of  Alisma  in 
Illinois 

1.  Petals  3. 5-6.0  mm  long;  flowers  at 
least  7  mm  broad;  styles  at  an  the¬ 
sis  as  long  as  the  ovaries;  achenes 

at  least  2.5  mm  long . 

. 1.  A.  plantago-aquatica 

1.  Petals  1.0-2. 5  mm  long;  flowers  at 
most  3.5  mm  broad;  styles  at  an- 
thesis  less  than  one-half  as  long 
as  the  ovaries;  achenes  less  than 
2.5  mm  long _ 2.  A.  subcordatum 

1.  ALISMA  PLANTAGO-AQUATICA  L. 
var.  AM  E RICAN UM  Roem.  & 
Schultes,  Syst.  7:1598.  1830. 

Alisma  triviale  Pursh,  FI.  Am.  Sept.  1: 

252.  1814. 

Alisma  plantago  L.  var.  triviale  (Pursh) 

BSP.  Prel.  Cat.  N.  Y.  PI.  58.  1888. 
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Alisma  plantago-aquatica  L.  var.  triviale 

(Pursh)  Farwell,  Ann.  Rep.  Comm. 

Parks  &  Boulev.  Det.  11:44.  1900. 

Rooted  perennial;  leaves  basal,  the 
blade  elliptic  to  ovate,  membranous,  to 
15  cm  long,  to  8  cm  broad,  subacute  at 
apex,  rounded  to  cordate  at  base,  glab¬ 
rous,  the  petioles  much  longer  than 
the  blades;  scape  (primary  stalk  of  in¬ 
florescence)  erect,  bearing  a  panicle  with 
the  secondary  branches  borne  in  whorls 
of  3-10;  bracts  of  inflorescence  ovate  or 
narrowly  ovate;  flowers  at  least  7  mm 
broad;  sepals  obtuse,  3-4  mm  long;  petals 
white,  3. 5-6.0  mm  long;  stamens  6-9,  at 
least  twice  as  long  as  the  ovaries;  styles 
at  anthesis  as  long  as  the  10-25  ovaries; 
fruiting  heads  5-7  mm  in  diameter; 
achenes  broadly  rounded  on  back,  2. 5-3.0 
mm  long.  2n  =  14  (Brown,  1946;  Gadella 
&  Kliphuis,  1963;  Sokolovskaya,  1963). 

The  range  of  this  taxon  is  from  Nova 
Scotia  to  Oregon,  south  to  California, 
New  Mexico,  Illinois,  and  Maryland.  In 
Illinois,  it  is  much  rarer  than  A.  sub- 
cordatum,  occurring  in  a  few  northern 
counties  and  in  Wabash  County.  Map 
10.  It  grows  in  shallow  water,  marshes, 
and  ditches. 

Typical  var.  plantago-aquatica,  from 
Europe,  has  mostly  lilac  petals,  longer 
anthers,  and  longer  styles. 

For  a  discussion  of  Alisma  plantago- 
aquatica,  see  Fernald  (1946). 

This  species  is  distinguished  readily 
from  A.  subcordatum  by  its  larger  flower 
parts,  elongated  stamens,  and  larger 
achenes. 

Pogan  (1963)  reports  2n  =  28  for 
Alisma  triviale,  here  considered  synony¬ 
mous  with  A.  plantago-aquatica  var. 
americanum. 

2.  ALISMA  SUBCORDATUM  Raf.  Med. 

Rep.  N.  Y.  II.  5:362.  1808. 

Alisma  plantago  Bigel,  FI.  Bost.  87.  1814. 

Alisma  parviflorum  Pursh,  N.  Am.  Sept. 

1:252.  1814. 

Alisma  plantago  var.  parviflorum 

(Pursh)  Torr.  FI.  N.  &  Mid.  U.  S.  1: 

382.  1824. 

Alisma  plantago-aquatica  L.  var.  parvi¬ 
florum  (Pursh)  Farwell,  Ann.  Rep. 

Comm.  Parks  &  Boulev.  Det.  11:44. 

1900. 

Rooted  perennial;  leaves  basal,  the 
blade  elliptic  to  ovate,  membranous,  to 
12  cm  long,  to  6.5  cm  broad,  subacute  at 


apex,  rounded  to  cordate  at  base,  glab¬ 
rous,  the  petioles  much  longer  than  the 
blades;  scape  erect,  bearing  a  panicle 
with  much-branched  secondary  branches 
borne  in  whorls  of  3-10;  bracts  of  in¬ 
florescence  lanceolate;  flowers  at  most 
3.5  mm  broad;  sepals  obtuse,  1-3  mm 
long;  petals  white,  1.0-2. 5  mm  long;  sta¬ 
mens  6-9,  slightly  longer  than  the  ova¬ 
ries;  styles  at  anthesis  less  than  one- 
half  as  long  as  the  10-25  ovaries;  fruit¬ 
ing  heads  3-4  mm  in  diameter;  achenes 

I. 5-2. 5  mm  long.  2n=  14  (Pogan,  1963). 

The  smaller-flowered  water  plantain 

is  confined  to  the  eastern  half  of  the 
United  States  and  to  Mexico.  In  Illinois, 
it  probably  exists  in  every  county.  Map 

II.  It  occupies  similar  habitats  like  the 
preceding. 

The  smaller  flowers  and  achenes  dis¬ 
tinguish  this  species  from  A.  plantago- 
aquatica  var.  americanum. 

The  flowers  appear  from  mid-July 
until  the  end  of  August. 

Family  Butomaceae  —  Flowering 
Rush  Family 

Only  the  following  genus  comprises 
this  family. 

1.  Butomus  L.  - — Flowering  Rush 

Flowers  perfect;  perianth  composed 
of  two  distinct  series  of  3  members  each; 
stamens  9;  ovaries  6,  united  at  the  base; 
follicles  many-seeded;  leaves  grass-like. 

Only  the  following  naturalized  species 
occurs  in  Illinois. 

1.  BUTOMUSUMBELLATUSL.Sp.Pl. 

372.  1753. 

Perennial  from  a  stocky  rhizome; 
leaves  basal,  to  1  m  long,  5-10  mm  broad, 
glabrous;  scape  usually  1  m  long,  bear¬ 
ing  a  terminal  umbel;  umbel  many- 
flowered;  bracts  3,  broadly  lanceolate, 
acute,  purplish;  flowers  pinkish,  at  least 
18  mm  broad;  pedicels  arched-ascend¬ 
ing,  to  10  mm  long;  sepals  3,  pinkish 
or  greenish,  persistent;  petals  3,  pinkish, 
persistent;  stamens  9;  follicles  to  1  cm 
long,  long-beaked.  2n  —  28,  40  Loham- 
mar,  1931),  39  (Gadella  &  Kliphuis, 
1963). 

This  species,  known  as  the  flowering 
rush,  is  native  to  Europe  but  has  be¬ 
come  naturalized  along  the  St.  Lawrence 
River  and  around  the  Great  Lakes.  In 
Illinois,  it  is  known  from  a  single  local¬ 
ity  in  Cook  County:  small  pond  south 
of  87th  Street,  east  of  Kean  Avenue,  near 
Buffalo  Woods  Forest.  Map  12. 
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Illinois  is  one  of  several  states  where 
this  species  has  been  introduced  in  re¬ 
cent  years. 
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A  SKELETON  OF  THE  GEOMYOID  RODENT,  GREG- 
ORYMYS  CURTUS  (MATTHEW)  FROM  THE 
EARLY  MIOCENE  OF  SOUTH  DAKOTA 


EDWIN  C.  GALBREATH 
Southern  Illinois  University ,  Carbondale 


Abstract.  —  The  features  of  the  skele¬ 
ton  suggest  closer  relationship  of  Gre- 
gorymys  curtus  to  the  heteromyids  than 
to  the  geomyids.  Fossorial  adaptations 
in  Gregorymys  are  not  like  those  seen 
in  the  geomyines. 


These  skeletal  parts  of  Gregory¬ 
mys  curtus  (Matthew)  were  collect¬ 
ed  from  the  lower  part  of  the  Rose¬ 
bud  formation,  early  Miocene,  in 
Tylee  Canyon,  near  Wounded  Knee, 
Shannon  County,  South  Dakota.  I 
am  indebted  to  the  Chicago  Natural 
History  Museum  for  the  privilege 
of  studying  the  specimens  and  to 
the  American  Museum  of  Natural 
History  for  the  use  of  comparative 
material. 

Specimens  from  the  Chicago  Na¬ 
tural  History  Museum  collection 
used  in  this  study  are :  P26253 — 
anterior  part  of  skull,  lower  jaws, 
and  part  of  skeleton ;  P26247 — an¬ 
terior  part  of  skull,  and  lower  jaws ; 
P26248,  P26249,  P26251,  P26254— 
anterior  parts  of  skulls ;  P26259 — a 
lower  jaw;  and  P26252  —  part  of 
skeleton.  The  elements  of  the  post- 
cranial  skeleton  represented  in  this 
collection  are :  scapula,  humerus, 
ulna,  radius,  pelvis,  femur,  tibio- 
fibula,  tarsus,  and  two  lumbar  and 
two  caudal  vertebrae. 

In  the  following  account  compari¬ 
sons  are,  for  the  most  part,  made 


with  Geomys  bursarius  (Shaw), 
Thomomys  umbrinus  (Richardson), 
Liomys  pictus  (Thomas),  and  Aplo- 
dontia  leporina  (Richardson). 

Description 

Dimensions  of  these  bones  are  pre¬ 
sented  in  Table  1. 

Skull  —  This  new  material  permits 
certain  additions  and  emendations  to 
Matthew’s  account  (1907)  of  the  skull 
of  Gregorymys  curtus. 

The  muzzle  is  broader  and  shorter 
than  that  of  Thomomys  and  tends  to 
narrow  slightly  toward  the  tip.  The  post¬ 
orbital  area,  on  the  other  hand,  is  not 
as  wide.  The  zygomatic  arches  equal 
those  of  Thomomys  in  width  but  are 
directed  back  at  a  greater  angle.  A 
crest  for  the  attachment  of  the  anterior 
part  of  the  lateral  masseter  muscle  is 
present  on  the  zygomatic  arch.  This 
crest  extends  for  a  short  distance,  gen¬ 
erally  about  two  millimeters,  onto  the 
maxillary  bone  at  the  anterior  border  of 
the  junction  of  the  lateral  and  superior 
surfaces  of  the  muzzle,  where  a  ridge, 
confluent  with  the  arch,  extends  for¬ 
ward.  The  anterior  opening  of  the  in¬ 
fraorbital  canal  has  been  forced  forward 
on  the  rostrum  as  is  characteristic  of 
the  “sciuromorph”  zygomasseteric  struc¬ 
ture.  The  incisive  foramina,  varying  in 
width  from  one-fourth  to  one-half  their 
length,  lie  on  the  posterior  part  of  the 
rostrum;  the  premaxillaries  form  the 
lateral  and  anterior  borders  of  the  for¬ 
amina  and  the  maxillaries  form  the  pos¬ 
terior  borders.  The  angle  of  divergence 
of  the  upper  cheek-teeth,  measured  on 
four  undistorted  skulls  at  the  protoloph 
of  the  fourth  premolar,  is  41,  41^,  42 
and  42  degrees.  Posteriorly,  the  nasals 
terminate  in  positions  ranging  from  the 
ends  of  the  maxillaries  to  a  point  1.1 
millimeters  forward  of  the  ends  of  the 
maxillaries.  In  all  of  the  skulls  the 
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Figure  1. — Gregorymys  curtus  (Matthew) ;  Chicago  Natural  History  Mu¬ 
seum  No.  P26252  (post-cranial  skeleton)  and  No.  P26253  (left  jaw).  (A,  B) 
anterior  and  posterior  views  of  left  humerus;  (C,  D)  lateral  and  posterior  views 
of  left  scapula;  (E,  F)  anterior  and  posterior  views  of  distal  end  of  left  femur; 
(G)  lateral  view  of  left  tibiofibula  and  tarsus;  (H)  lateral  view  of  left  ulna; 
(I)  anterior  view  of  proximal  end  of  left  radius  and  lateral  view  of  distal  end  of 
right  radius;  (J)  lateral  view  of  right  innominate;  (K,  L)  medial  and  lateral 
views  of  left  jaw. 
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Table  1. — Measurements  (in  mm)  of  the  Skeletal  Parts  of  Gregorymys  curtus  (Chicago  Nat¬ 
ural  History  Museum  nos.  P26247-8,  P26251-4,  and  P26259). 


SKULL 

LO 

04 

vo 

1-0 

04 

VO 

OO 

tH 

04 

r- 

VO 

Width  at  zygoma . 

04 

PL< 

04 

Ph 

21.0 

04 

Ph 

22.0 

C'J 

Pk 

21.8 

Width  of  muzzle  at  middle  of  nasals . 

8.0 

7.2 

8.2 

7.5 

Width  of  postorbital  constriction . 

6.1 

5.6 

6.0 

.... 

Height  of  skull  at  postorbital  constriction . 

12.9 

13.3 

13.2 

12.4 

Length  of  diastema,  alveolus  to  alveolus . 

10.8 

12.5 

9.6 

Transverse  width  between  outer  borders  of  M1.  . 

7.8 

8.0 

7.5 

Width  of  palate  exclusive  of  teeth  at  P4 . 

1.8 

2.3 

1.7 

Width  of  palate  exclusive  of  teeth  at  M3 . 

3.2 

.... 

2.5 

Width  of  right  incisor . 

2.0 

2.1 

2.1 

Crown  length  of  right  tooth  row . 

6.8 

.... 

6.5 

Crown  length  of  left  tooth  row . 

6.6 

.... 

6.9 

Alveolar  length  of  right  tooth  row . 

8.3 

.... 

.... 

Alveolar  length  of  left  tooth  row . 

8.5 

.... 

o\ 

i/i 

vo 

Ph 


MANDIBLE 

Crown  length  of  right  tooth  row . 

Same,  left  tooth  row . 

Apex  of  coronoid  process  to  ventral  edge  of  angular  process,  right  jaw . 

Same,  left  jaw . 

Apex  of  condyloid  process  to  ventral  edge  of  angular  process,  right 

jaw . . 

Same,  left  jaw . 

Inner  border  of  incisor  alveolus  to  posterior  border  of  angular  process, 

right  jaw . 

Same,  left  jaw . 

Crown  of  P4  to  posterior  end  of  symphysis,  right  jaw . 

Same,  left  jaw . 

Lowest  point  in  diastema  to  notch  at  posterior  end  of  symphysis, 

right  jaw . 

Same,  left  jaw . 

Alveolar  depth  of  ramus  at  Mi,  internal  surface,  right  jaw . 

Same,  left  jaw . 

Crown  depth  of  ramus  at  Mi,  internal  surface,  right  jaw . 

Same,  left  jaw . 


7 


5 

'5 

*7 


cS  co 

LO  1-0 

CO  O) 

VO  VO 

CN  cs 

Pm  Oh 

'7.6 

...  5.5 

’’’  1L3 

...  7.6 

...  2.0 

...  3.0 

...  2.2 

...  6.7 

...  6.8 

...  8.6 

...  8.3 


7.0 

6.7 

15.4 
15.6 

13.0 

13.5 

23.4 

23.2 

10.0 

9.9 


6.3 

6.1 

6.0 

6.1 

7.5 

7.6 


VERTEBRAE 

Length  of  centrum  of  lumbar  vertebra  (a) . 

(b) . 

Length  of  centrum  of  caudal  vertebra . 

SCAPULA 

Mediolateral  diameter  of  glenoid  fossa . 

Width  of  neck . 

Depth  of  neck . 

Internal  margin  of  acromion  at  base  to  tip  of  acromion 

Depth  of  acromion  at  a  point  even  with  fossa . 

Width  of  spine  at  a  point  even  with  fossa . 

HUMERUS 

Overall  length . 

Transverse  width,  proximal  end . 

Transverse  width,  distal  end . 

Transverse  width  of  head . 

Proximodistal  length  of  head . 

Top  of  head  to  apex  of  lateral  crest . 


3.8 

. . . . 

3.8 

4.7 

. . . . 

2.7 

2.7 

1.9 

7.6 

1.8 

0.8 

21.8 

21.3 

6.5 

6.2 

6.9 

3.6 

"3^8 

4.0 

4.2 

10.0 

11.4 
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ULNA 

Length  minus  distal  epiphysis .  23.9  25.9 

Width  of  bottom  of  semilunar  notch .  1.7  1.9 

Depth,  coronoid  process  to  lateral  ridge .  3.8  4.2 

Length  from  proximal  lip  of  semilunar  notch  to  end  of  olecranon .  4.3  4.8 

RADIUS 

Length  (estimate) .  119.0 

Width  of  proximal  head .  2.9 

Width  of  distal  end .  2.9 

PELVIS 

Anteroposterior  diameter  of  acetabulum .  3.5 

Depth  of  iliac  shaft .  2.6 

Center  of  acetabulum  to  tip  of  dorsal  ischial  tuberosity .  9.1 

Center  of  acetabulum  to  tip  of  ventral  ischial  tuberosity .  12.2 

Estimated  length  of  pelvis .  30.0 

FEMUR 

Estimated  length  of  femur .  28.0 

Thickness  of  shaft  at  point  7.7  mm  above  the  distal  tip  of  bone .  1.4 

Width  of  shaft  at  point  7.7  mm  above  the  distal  tip  of  bone .  3.6 

Width  of  epicondyles .  6.6 

Thickness  of  medial  condyle .  5.2 

Width  of  condyles  on  posterior  side .  5.6 

Width  of  patellar  notch .  1.9 

TIBIOFIBULA 

Length  of  tibial  element .  26.8 

Length  of  fibular  element .  15.0 

Greatest  width  of  head .  7.7 

Greatest  width  of  distal  end .  5.3 

Diameter  of  shaft  below  union . 2.0 

CALCANEUM 

Length .  8.6 


1  Slight  damage. 


lacrimals  are  poorly  preserved  but  it 
seems  evident  that  they  are  similar  to 
the  lacrimals  seen  in  Recent  hetero- 
myids,  although  forming  less  of  the  orbi¬ 
tal  rim.  The  orbital  area  and  the  for¬ 
amina  are  intermediate  in  development 
between  those  of  Hells  corny  s  Cope  and 
Liomys.  Most  of  the  skulls  have  a 
smooth  frontal  area  with  rounded  sides, 
but  two  of  the  specimens  have  a  faint 
ridge  starting  on  the  frontal  area  that 
give  rise  to  postorbital  ridges  and  emi¬ 
nences  that  unite  posteriorly. 

Lower  jaw  —  The  lower  jaw,  with  its 
angular  part  below  the  alveolar  border, 
is  somewhat  like  the  jaw  of  Pleurolicus 
Cope  in  shape,  but  shorter.  Both  the 
masseteric  fossa  and  masseteric  crest  are 
prominent  in  P26253  (FIG.  1K-L)  but 
are  noticeably  weak  in  other  jaws  in  the 


collection.  The  crest  begins  at  the  men¬ 
tal  foramen,  under  P4,  and  ends  at  the 
antero-inferior  edge  of  the  angle  of 
the  jaw.  A  second  crest,  marking  the 
location  of  the  root  of  the  incisor,  leads 
from  the  masseteric  crest  to  the  large 
projecting  incisor  capsule.  The  poster¬ 
ior  end  of  the  symphysis  is  prominent 
and  projects  ventrally  below  the  body 
of  the  ramus.  The  angle  of  the  jaw  is 
enlarged,  being  almost  as  deep  as  the 
body,  and  has  the  posterior  and  ventral 
borders  projecting  medially.  Thus  the 
immense,  cuplike  mandibular  pterygoid 
fossa  is  formed  on  the  internal  surface 
of  the  jaw.  Below  the  mandibular  pte¬ 
rygoid  fossa  a  small  elongate  fossa,  sep¬ 
arated  from  the  mandibular  pterygoid 
fossa  by  a  ridge,  provides  an  area  of  at¬ 
tachment  for  the  superficial  masseter 
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muscle.  A  tuberosity  marks  the  outer 
surface  of  the  upwardly  directed,  small 
angular  process.  The  ascending  ramus 
flares  outward,  laterally  and  posteriorly, 
from  the  body  and  bears  the  weak  coro- 
noid  and  condyloid  processes.  A  large 
space  lies  between  the  tooth  row  and 
the  ascending  ramus,  more  like  a  groove 
than  a  pit. 

Cheek  teeth  —  The  upper  and  lower 
teeth  of  Gregorymys  have  been  described 
by  Wood  (1936)  and  the  teeth  in  this 
collection  are  typical  of  teeth  found  in 
members  of  the  genus.  The  premolars 
and  molars  are  not  excessively  long- 
crowned  in  comparison  to  those  of 
Liomys  and  Heteromys  and  are  much 
nearer  to  the  teeth  of  heteromyids  than 
to  those  of  geomyines  in  relative  size  and 
in  pattern.  Within  the  subfamily  En- 
toptychinae,  the  teeth  are  closer  to  the 
teeth  of  Pleurolicus  than  to  those  of 
Entoptychus  in  crown  length. 

Scapula  —  This  bone  (FIG.  1  C-D)  is 
incomplete,  lacking  the  cranial  and 
caudal  angles,  vertebral  border,  and  crest 
of  the  spine.  Both  the  cranial  and  axil¬ 
lary  borders  appear  as  though  straight, 
such  an  impression  being  intensified  by 
the  absence  of  the  vertebral  border.  How¬ 
ever,  the  cranial  border  does  have  less  of 
a  concave  curve  than  does  the  scapula  of 
Liomys  and  does  not  at  all  resemble 
the  scapular  notch  found  in  Geomys  and 
Tliomomys.  The  axillary  border  has  a 
ridge  like  that  found  in  the  scapula  of 
Liomys  but  with  more  prominent  muscle 
attachments  as  in  Geomys  and  Thomo- 
mys.  The  supraspinous  fossa  (not  great¬ 
ly  reduced  by  the  scapular  notch)  and 
infraspinous  fossa  are  nearly  equal  in 
size  and  depth,  as  in  Liomys.  The  cora¬ 
coid  process  is  directed  ventro-medially 
as  in  Liomys  and  is  not  as  curved  as  in 
Geomys.  The  notch  between  the  inner 
lip  of  the  glenoid  fossa  and  the  coracoid 
process  is  deeper  than  in  Geomys  and 
not  shaped  like  that  of  Liomys.  The 
supraglenoid  tuberosity  is  well-devel¬ 
oped,  more  prominent  than  in  either 
Thomomys  or  Liomys ,  and  projects  from 
the  cranial  lip  of  the  shallow  fossa.  A 
well-developed  fossa  ( Liomys  has  a  sim¬ 
ilar,  shallow  fossa)  occupies  the  position 
taken  by  the  infraglenoid  tuberosity  in 
the  Recent  geomyids  and  probably  serves 
as  an  attachment  for  the  tendon  of  the 
triceps  brachii  muscle.  The  neck  of  the 
scapula  differs  from  that  of  Geomys  and 
is  like  that  of  Liomys  in  being  narrow, 
evidently  due  to  the  rounded  glenoid 
fossa.  On  the  medial  surface  of  the 
scapula  a  troughlike,  parallel-walled  de¬ 


pression  corresponds  in  position  to  the 
spine  on  the  lateral  surface.  The  cranial 
border  of  the  subscapular  fossa  is  well 
marked. 

The  acromion  is  high,  sturdy,  propor¬ 
tionately  larger  than  in  Geomys  and 
extends  over  one-half  its  own  length 
beyond  the  glenoid  fossa.  At  the  base 
the  internal  border  of  the  acromion  lies 
close  to  the  articular  surface  of  the 
glenoid  fossa,  having  its  origin  on  the 
neck  of  the  scapula  as  in  Aplodontia 
and  Geomys  and  in  contrast  to  the  sit¬ 
uation  in  Liomys.  On  the  acromion 
there  is  a  well-developed  surface  for  the 
attachment  of  the  acromiotrapezius 
muscle.  The  metacromion  process  is  en¬ 
larged,  knob-like,  and  directed  antero- 
medially.  The  root  of  the  spine  indicates 
that  this  element  is  relatively  heavy  and 
robust. 

Humerus.  —  The  humerus  (Fig.  1A-B) 
resembles  that  of  Geomys  in  the  degree 
of  development  of  the  muscular  proc¬ 
esses,  is  closer  to  that  of  Thomomys  in 
size  and  general  proportions,  and  lacks 
the  slenderness  seen  in  that  of  Liomys. 
The  neck  is  reduced  like  those  in  the 
geomyines,  but  the  head  is  more  nearly 
spherical  as  in  Liomys.  The  lesser  tu¬ 
berosity  is  similar  to  that  in  Geomys 
and  much  more  elongate  than  the  cor¬ 
responding  structure  in  Liomys:  The 
greater  tuberosity  is  large,  directed  pos¬ 
teriorly,  and  separated  from  the  head 
by  a  notch.  Below  this  notch  is  a  promi¬ 
nent  fossa,  which  is  also  present  in 
Liomys  but  absent  in  Geomys  and  Tho¬ 
momys.  The  intertubercular  groove  is 
deep  and  opens  distally  into  a  long  fossa 
extending  down  the  shaft,  being  weaker 
but  otherwise  comparable  to  that  in 
Geomys.  An  extraordinarily  well-devel¬ 
oped  ridge,  which  is  not  duplicated  in 
either  the  heteromyids  or  geomyines, 
supports  the  lateral  part  of  the  greater 
tuberosity.  The  lateral  ridge  is  longer 
than  the  corresponding  structure  in 
Liomys,  thus  placing  the  crest  nearer 
the  middle  of  the  bone  as  in  Geomys. 
The  crest  curves  forward,  but  does  not 
form  a  knob.  The  upper  part  of  the 
medial  ridge  is  not  as  sharp  as  in 
Geomys  and  Thomomys,  but  is  more 
distinct  than  in  Liomys.  The  lateral 
epicondylar  ridge  is  sharp  and  flared 
caudally,  like  that  in  Geomys  and  Thom¬ 
omys  and  more  so  than  in  Liomys. 
Much  as  in  Geomys,  a  ridge  leads  dis¬ 
tally  from  the  crest  of  the  lateral  ridge 
across  the  anterior  surface  of  the  shaft 
to  join  the  medial  epicondyle  anterior 
to  the  medial  ridge.  Between  these  two 
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ridges  on  the  proximal  surface  of  the 
epicondyle  is  the  entepicondylar  fora¬ 
men  leading  to  the  anterior  surface 
above  the  medial  condyle.  In  geomyine 
humeri  this  proximal  surface  is  exca¬ 
vated  for  the  insertion  of  the  coracobra¬ 
chial  muscle  and  the  foramen  is  absent, 
whereas  in  heteromyid  humeri  the  fora¬ 
men  is  present. 

Ulna —  The  ulna  (Fig.  1H)  does  not 
differ  markedly  from  the  ulnae  of 
Geomys,  Thomomys,  or  Liomys.  It  is 
slightly  larger  than  the  ulna  in  Thomo¬ 
mys  and  does  not  have  the  rough,  angu¬ 
lar  appearance  of  that  of  Geomys.  The 
semilunar  notch  is  wide  and  the  lateral 
fossa  is  well-developed.  Grooves  for  the 
extensor  tendons  are  present  at  the  dis¬ 
tal  end.  A  depression  is  present  under 
the  coronoid  process,  being  distal  to 
the  position  of  the  corresponding  de¬ 
pression  in  the  ulna  of  Geomys.  The 
ulnar  tuberosity  is  well-developed. 

Radius  —  This  bone  (FIG.  II)  has 
an  ovoid  head  with  a  distinct  notch 
dividing  the  anterior  border  of  the  ar¬ 
ticulating  surface.  The  medial  part  of 
the  divided  anterior  border  forms  a  proc¬ 
ess.  The  anterior  ridge  (cranial  ridge 
of  Hill,  1937)  is  weakly  developed,  and 
the  shaft  at  this  point  is  more  like  the 
shaft  of  Thomomys  than  of  Geomys  or 
Liomys.  A  groove  for  the  tendon  of  the 
adductor  pollicis  longus  muscle  is  pres¬ 
ent  on  the  lateral  surface  of  the  shaft. 
The  tuberosity  of  the  radius  resembles 
that  of  Geomys  and  is  much  weaker  than 
in  Liomys,  although  its  position  is  more 
caudad,  as  in  Liomys.  The  arched  con¬ 
dition  of  the  radius,  which  appears  to 
be  in  contact  with  the  ulna  only  at  each 
end,  is  very  different  from  those  of  the 
Recent  geomyines  and  heteromyids.  The 
distal  epiphyseal  surface  of  the  bone 
indicates  that  this  end  was  large. 

Innominate  —  The  only  part  of  the 
pelvis  (FIG.  1J)  present,  the  right  side, 
lacks  the  anterior  end  of  the  ilium  and 
all  of  the  pubis  except  a  small  part 
bordering  the  obturator  foramen.  I 
think  that  approximately  three-fifths  of 
the  total  length  of  the  pelvis  lies  an¬ 
terior  to  the  acetabulum. 

The  iliac  shaft  is  triangular  in  cross- 
section  and  short  in  length,  but  anterior 
to  the  shaft  the  ilium  rapidly  broadens 
along  the  medial  border — a  feature  com¬ 
mon  to  the  ilia  of  Geomys  and  Thomo¬ 
mys.  In  Liomys,  like  such  forms  as 
Aplodontia,  Sciurus,  and  Cynomys,  this 
medially  directed  expansion  is  more 
gradual.  However,  the  geomyine  ilial 
wing,  once  spread  out  from  the  initial 


expansion,  narrows  anteriorly;  a  tend¬ 
ency  toward  continued  expansion  is  seen 
in  some  males  of  Geomys.  On  the  other 
hand,  the  ilium  of  Liomys  does  not  nar¬ 
row  anteriorly  and,  as  a  result,  presents 
a  larger  surface — the  gluteal  fossa.  In 
this,  the  ilium  of  Gregorymys,  with  its 
broad,  upturned  medial  wing,  resembles 
the  ilium  of  Aplodontia  and  Liomys  more 
than  it  does  those  of  the  geomyines  and 
presents  a  relatively  wider  gluteal  fossa. 
The  iliac  fossa  is  shallow  and  elongate. 
The  iliac  ridge  is  well-developed  ante¬ 
riorly  and  at  the  acetabulum  but  weak 
on  the  narrow  part  of  the  shaft,  thus 
being  comparable  to  the  ridge  in  Liomys. 
The  tubercle  on  the  iliac  ridge,  relatively 
as  well-developed  as  that  of  Liomys,  is 
located  anterior  to  the  acetabulum  as  in 
Liomys  and  Aplodontia.  In  these  fea¬ 
tures  the  tubercle  differs  from  those  of 
Geomys  and  Thomomys  where  the  tu¬ 
bercle  is  smaller  and  more  medial  in 
position.  The  area  for  attachment  to 
the  sacrum  is  extensive.  As  in  the  pocket 
gophers,  the  iliopectineal  eminence  is 
weak. 

The  shaft  of  the  ischium  is  directed 
posteriorly  and  has  a  large  depression 
postero-medial  to  the  acetabulum.  The 
lesser  sciatic  notch,  unlike  the  notch  in 
Geomys  and  Thomomys,  is  large,  its  arc 
being  as  great  or  greater  than  that  of 
the  obturator  foramen.  The  dorsal  tu¬ 
berosity  is  knob-like;  in  front  of  it  is 
a  narrow  groove  for  the  tendon  of  the 
obturator  muscle.  The  ischial  spine  is 
weak.  The  margin  of  the  ischium  is 
slightly  swollen  and  shows  more  simi¬ 
larity  to  that  of  Thomomys  than  to  that 
of  Liomys. 

The  preserved  part  of  the  pubis,  di¬ 
rected  postero-ventrally  at  an  angle  of 
45  degrees  to  the  longitudinal  axis  of 
the  innominate,  is  more  heteromyid- 
like  than  geomyine-like. 

The  acetabular  fossa  in  the  acetabulum 
is  well-developed.  The  acetabular  notch 
is  wide  and  extends  postero-medially 
so  that  the  rear  wall  of  the  acetabulum 
appears  as  a  ventrally  projecting  spur. 

Femur.  —  Only  the  distal  part  of  the 
femur  (FIG.  1E-F)  was  recovered.  It 
differs  from  femora  of  the  geomyines  in 
that  the  medial  condyle  does  not  form 
the  medial  border  of  the  distal  end.  In¬ 
stead,  a  prominent  epicondyle,  enlarged 
medially  and  with  a  sharp  ridge  run¬ 
ning  up  the  medial  side  of  the  shaft, 
is  present.  The  popliteal  groove  is  nar¬ 
row  and  deep  and  has  about  the  same 
relation  to  the  patellar  groove  as  is  seen 
in  Liomys.  Above  the  epiphyseal  line, 
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the  shaft  is  flat  transversely,  somewhat 
like  that  of  Aplodontia,  and  is  turned 
outward,  more  so  than  in  either  Liomys , 
Geomys,  or  Thomomys.  A  ridge,  un¬ 
like  anything  seen  in  Liomys,  Geomys , 
or  Thomomys,  is  folded  forward  on  the 
lateral  surface  above  the  epiphyseal  line, 
forming  a  fossa  that  extends  distolater- 
ally  parallel  to  the  patellar  groove.  The 
attachment  scars  for  the  medial  head  of 
the  gastrocnemius  muscle  and  tibial 
collateral  ligaments  are  present  on  the 
medial  condyle;  the  attachment  scar 
for  the  lateral  head  of  the  gastrocnemius 
on  the  lateral  condyle  is  well-marked. 

Tibiofibula. —  The  tibiofibula  (FIG. 
1G)  is  almost  as  large  as  that  of 
Geomys.  The  two  elements  are  fused 
together  for  one-half  their  lengths.  The 
proximal  articular  surface  is  simple, 
with  the  posterior  part  of  the  medial 
condyle  extending  farther  distally  than 
the  small  lateral  condyle.  The  condyles 
are  not  concave  transversely.  No  patel¬ 
lar  scar  is  present.  Both  the  anterior 
and  lateral  borders  of  the  tibia  are 
more  prominent  than  the  medial  border. 
The  anterior  border  begins  at  the  tu¬ 
berosity  of  the  epiphysis  and  remains 
cranial  in  position  until  it  terminates  on 
the  shaft  below  the  union  of  the  two 
bones.  The  lateral  fossa  is  well-devel¬ 
oped  and  deep.  The  interosseous  crest 
is  rounded  and  blunt.  The  depression  for 
the  semitendinosus  muscle  is  nearer  the 
proximal  end  than  in  the  Recent  pocket 
gophers  and  crosses  to  the  lateral  sur¬ 
face.  Below  the  junction  of  the  two 
bones,  the  common  shaft  is  round  and 
the  distal  end  is  broad  and  flat.  The 
lateral  malleoleus  extends  farther  cau- 
dad  than  the  medial  malleoleus.  Grooves 
for  tendons  are  present  on  the  lateral 
surface  of  the  distal  end  but  are  ob¬ 
scure  on  the  posterior  surface  because 
of  poor  preservation.  Deep  and  narrow 
grooves  for  the  peroneus  longus  and 
brevis  muscles  are  present  on  the  lateral 
malleoleus.  The  free  part  of  the  fibular 
shaft  is  very  light. 

Tarsus  —  The  calcaneum,  astragalus, 
navicular,  cuboid,  and  cuneiform  bones 
are  present  and  attached  to  the  tibio¬ 
fibula.  The  trochlear  (or  peroneal) 
process  on  the  lateral  side  of  the  cal¬ 
caneum  is  not  as  well-developed  as  in 
the  Recent  geomyines.  The  head  of  the 
astragalus  has  a  flattened,  oblong,  ar¬ 
ticulating  surface  whose  long  axis  par¬ 
allels  the  transverse  axis  of  the  joint 
between  the  astragalus  and  the  navicu¬ 
lar.  In  this  feature  the  Gregorymys 
astragalus  resembles  that  of  Liomys  but 


is  more  flattened  on  the  articular  sur¬ 
face  and  less  oval  in  the  shape  of  the 
head.  The  astragali  of  Geomys  and 
Thomomys  have  a  rounded  articular 
surface  that  is  oblique  to  the  trans¬ 
verse  axis  of  the  bones.  It  would  seem 
that  the  heads  of  the  astragali  of 
Gregorymys  and  Liomys  are  more  primi¬ 
tive  than  those  of  Geomys  and  Thomo¬ 
mys.  The  cuboid  in  Gregorymys  is  short 
and  rests  under  the  calcaneum,  being 
an  arrangement  similar  to  that  in  the 
myomorphs  and  the  geomyoids  instead 
of  being  longer  and  resting  against 
the  calcaneum  as  in  the  sciuromorphs. 

Vertebrae  —  Two  lumbar  vertebrae  are 
preserved,  but  their  position  in  the  ser¬ 
ies  is  indeterminable.  Both  resemble  the 
lumbars  of  geomyoids  structurally,  ex¬ 
cept  that  the  medial  ventral  ridge  of 
the  modern  forms  is  lacking.  A  first  or 
second  caudal  vertebra  shows  no  struc¬ 
tural  differences  from  those  of  the 
geomyoids. 

Discussion 

The  skeleton  that  has  been  de¬ 
scribed  offers  some  evidence  concern¬ 
ing  phylogenetic  relationship  and 
adaptation  to  habitat  of  the  ento- 
ptychids.  In  regard  to  Gregorymys 
curtus ,  Matthew  (1907,  p.  221) 
pointed  out  the  similarity  of  the 
skull  to  those  of  the  fossorial  geo¬ 
myoids  but  declined  to  pronounce  it 
(or  the  other  species  which  Matthew 
associated  with  Entoptychus)  to  be 
fossorial  because  of  the  lack  of  post- 
cranial  skeletal  parts.  (Possibly 
Matthew  overlooked  Cope’s  (1884, 
p.  857)  description  of  some  skeletal 
parts  that  were  considered  to  belong 
to  some  species  of  Entoptychus  and 
to  resemble  the  skeleton  of  Thomo¬ 
mys.)  He  did  think  that  this  simi¬ 
larity  indicated  closer  relationship 
to  the  Decent  geomyines  than  to  the 
heteromyids. 

Wood  (1936,  p.  4,  28)  recognized 
the  similarity  of  Gregorymys  to  both 
the  geomyines  and  the  heteromyids. 
While  Wood  never  commented  on 
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Gregorymys  in  detail,  liis  opinion 
that  the  Entoptychinae  was  a  group 
intermediate  between  the  Geomyinae 
and  the  Heteromyidae,  but  best 
classed  with  the  Geomyinae  because 
of  skull  structure,  reflected  his  views 
concerning  Gregorymys.  It  is  also 
important  to  point  out  that  Wood 
thought  that  at  least  part  of  the  En- 
tophycliinae  were  fossorial,  although 
none  were  so  specialized  as  the  Geo¬ 
myinae. 

In  the  light  of  our  current  knowl¬ 
edge  of  fossil  geomyoids,  it  is  evi¬ 
dent  that  the  skull  of  Gregorymys 
is  closer  to  the  lieteromyid  skull  than 
was  realized  by  Matthew.  (Such  a 
statement  is  grossly  unfair  to  Mat¬ 
thew,  of  course,  inasmuch  as  he  had 
only  the  skulls  of  Recent  hetero- 
myids  for  his  comparison.  Secondly, 
the  statement  is  true  only  insofar 
as  the  skulls  of  heteromyids  that  are 
not  specialized  are  similar  to  those 
of  their  geomyoid  ancestors.  It  is 
questionable  whether  or  not  the  an¬ 
cestral  geomyoid  skull  is  really  rep¬ 
resented  by  the  known  fossil  or 
Recent  lieteromyid  skulls.  The  elon¬ 
gate  snout  and  thin  zygomatic  arch 
in  these  forms  suggest  that  the  heter- 
omyid  skull  may  have  undergone 
modifications  in  the  direction  of  re¬ 
duction  in  mass  and  weight  of  the 
individual  bones.)  The  post-orbital 
constriction  of  Gregorymys  is  simi¬ 
lar  to  that  in  Heliscomys  and;  prob¬ 
ably,  Florentiamys  Wood.  This  is 
a  primitive  rodent  character  and  is 
not  necessarily  a  geomyine  character 
or  a  fossorial  adaptation.  The  muz¬ 
zle  is  relatively  short,  but  it  is  not 
as  arched  on  the  under  side  as  in 
Thomomys.  While  the  zygomatic 
structure  is  broad,  it  is  more  like 
that  of  the  heteromyids  in  that  it 


does  not  have  the  angular  flare  to 
each  side  that  is  seen  in  the  geo- 
myines.  The  tubular  meatus,  some¬ 
times  cited  as  a  fossorial  adaptation 
and  as  a  geomyine  character,  is  also 
a  lieteromyid  character  (for  ex¬ 
ample,  see  Liomys  and  Florentia¬ 
mys)  but  is  more  extremely  devel¬ 
oped  in  G.  curtus.  The  squamosals 
are  intermediate  between  those  of 
the  heteromyids  and  geomyines. 
Wood  (1936)  has  commented  on  the 
similarity  between  these  cheek  teeth 
and  those  of  the  heteromyids.  On 
the  other  hand,  certain  features  dif¬ 
ferentiate  the  skull  of  Gregoymys 
from  the  skulls  of  heteromyids,  such 
as  short  nasals,  long  and  broad  in¬ 
cisors,  short  and  broad  muzzle,  and 
heavy,  solid  skull.  These  characters 
are  not  only  found  in  varying  de¬ 
grees  of  development  in  Thomomys 
and  Geomys  but  also  occur  in  such 
unrelated  genera  as  Aplodontia,  Cas¬ 
tor,  Ondatra,  and  Cynomys.  These 
features  could  be  indicative,  to  me, 
of  fossorial  adaptation  as  much  as 
close  phylogenetic  relationship. 

Although  heavy,  the  jaw  of  Gre¬ 
goymys  curtus  is  more  like  the  jaw 
of  a  lieteromyid  than  a  geomyine — 
especially  in  having  a  large  mandi¬ 
bular  pterygoid  fossa.  The  angular 
process,  both  in  structure  and  posi¬ 
tion,  points  to  the  heteromyids  and 
not  to  the  Recent  geomyines.  Nor 
does  the  angular  process  show  any 
similarity  to  the  process  in  Cynomys, 
Aplodontia,  or  the  fossorial  micro¬ 
tines.  Miller  and  Gidley  (1918,  p. 
434)  utilized  the  fact  that  the  angu¬ 
lar  part  of  the  jaw  was  below  the 
alveolar  border  as  an  aid  in  distin¬ 
guishing  the  Entoptychinae  from  the 
Geomyinae.  However,  this  feature 
also  aids  in  distinguishing  the  Heter- 
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omyidae  from  the  Geomyinae  and 
appears  to  me  to  be  a  point  of  simi¬ 
larity  between  entoptychids  and 
heteromyids. 

The  post-cranial  skeleton  has  been 
modified  for  fossorial  function,  but 
its  affinities  seem  to  lie  with  the  het¬ 
eromyids.  The  scapula  differs  in 
many  specific  features  from  the  sca¬ 
pulae  of  Geomys  and  Thomomys 
and  is  similar,  in  general,  to  that 
of  Liomys.  The  acromion  process 
shows  heteromyid-like  features  but 
is  greatly  enlarged  as  in  Geomys 
and  Aplodontia.  Relationship  to  the 
heteromyids,  but  with  modification 
away  from  the  terrestrial  type  and 
toward  the  digging  type,  is  indi¬ 
cated.  The  humerus  shows  relation¬ 
ship  to  the  heteromyids  in  the  de¬ 
tails  of  its  structure.  Where  the 
bone  has  been  modified  for  a  fos¬ 
sorial  function,  there  is  a  similarity 
to  the  humerii  of  the  geomyines. 
However,  none  of  the  similarities  to 
the  geomyines  are  so  important  that 
they  can  be  interpreted  as  demon¬ 
strating  a  closer  relationship  of 
Gregorymys  curt  us  to  the  geomyines 
than  to  the  heteromyids.  The  ulna 
and  radius  do  not  show  enough 
modification,  except  in  size  relative 
to  the  other  limb  bones,  to  aid  in 
determining  the  habitat  of  Gregory¬ 
mys.  Nor  are  there  any  features 
present  that  would  aid  in  determin¬ 
ing  relationship.  The  innominate  of 
Gregorymys  is  much  closer  to  the 
heteromyid  than  the  geomyine  in¬ 
nominate.  However,  it  bears  modi¬ 
fications,  such  as  the  angular  is¬ 
chium,  which  are  similar  to  those  in 
Geomys.  The  femur  is  considerably 
wider  but  otherwise  is  similar  to  the 
femur  of  Liomys.  The  greater  width 


is  a  fossorial  modification  but,  as  has 
been  the  case  with  other  bones  in 
Gregorymys,  this  modification  has 
been  gained  through  changes  dif¬ 
ferent  from  those  accomplishing  the 
same  purpose  in  the  geomyines.  In 
practically  all  respects  the  tibiofib- 
ula  resembles  the  tibiofibula  of 
Liomys  more  than  it  does  that  of 
Geomys.  The  only  differences  are 
the  stronger  crests  and  ridges.  The 
tarsus  is  similar  to  that  of  Liomys. 

It  is  my  opinion  that  when  the 
teeth  and  the  characters  of  the  skull, 
jaws,  and  skeleton  suggestive  of  the 
heteromyids  are  considered  and 
since  the  differences  between  the 
skulls  of  G.  curtus  and  the  hetero¬ 
myids  do  not  necessarily  prove  closer 
relationship  of  Gregorymys  to  the 
geomyines,  the  weight  of  the  evi¬ 
dence  favors  heteromyid  affinities. 
Whatever  the  affinities  might  be, 
these  features  show  that  Gregory¬ 
mys  was  adapted  to  a  habitat  differ¬ 
ent  from  that  occupied  by  such  het¬ 
eromyids  as  the  Dipodomyinae  or 
the  Heteromyinae.  In  all  probability 
the  habitat  was  burrowing,  or  pos¬ 
sibly  aquatic — similar  to  that  oc¬ 
cupied  by  the  muskrat.  However, 
the  skeleton  is  not  extremely  modi¬ 
fied  for  a  fossorial  habitat  as  is  that 
of  Geomys  nor  are  the  modifications 
that  have  taken  place  similar  in  de¬ 
tail  to  the  modifications  undergone 
by  the  Geomyinae. 

My  opinion  would  imply,  there¬ 
fore,  that  the  Heteromyidae,  Geo¬ 
myinae,  and  Gregorymys  (and  per¬ 
haps  all  the  Entoptychinae)  had  in¬ 
dependent  origins  from  the  same 
geomyoid  ancestors — a  possibility 
that  gains  considerable  support  from 
their  dissimilar  fossil  histories. 


Geomyoid  Rodent 


281 


Literature  Cited 

Cope,  E.  D.  1884.  The  vertebrata  of  the 
Tertiary  formations  of  the  West.  Book 
I:  U.  S.  Geol.  Survey  Terr.,  Rept., 
F.  V.  Hayden,  U.  S.  geologist  in  charge, 
Washington,  Vols.  3-4,  pp.  i-xxxv,  1- 
1009,  pis.  l-75a,  figs.  1-38. 

Hill,  J.  E.  1937.  Morphology  of  the 
Pocket  Gopher  mammalian  '  genus 
Thomomys.  Univ.  Calif.  Publ.  Zoology, 
vol.  42,  no.  2,  pp.  81-172,  figs.  1-26. 


Matthew,  W.  D.  1907.  A  lower  Miocene 
fauna  from  South  Dakota.  Amer.  Mur 
Nat.  Hist.,  Bull.,  vol.  23,  pp.  169-219 
figs.  1-26. 

Miller,  G.  S.,  and  J.  W.  Gidley.  1918. 
Synopsis  of  the  supergeneric  groups  of 
rodents.  Jour.  Washington  Acad.  Sci., 
vol.  8,  no.  13,  pp.  431-448. 

Wood,  A.  E.  1936.  Geomyid  rodents  from 
the  Middle  Tertiary.  Amer.  Mus.  Nat. 
Hist.,  Novit.,  no.  866,  pp.  1-31. 

Manuscript  received  January  2,  1967. 


EFFECTS  OF  A  CORNFIELD  UPON  THE  MOVEMENT 

OF  PEROMYSCUS  LEUGOPUS 
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Abstract.  —  Movement  of  Peromyscus 
leucopus  between  areas  of  abundant  nat¬ 
ural  food  and  an  unharvested  crop  of 
corn  is  discussed.  Information  from 
data  of  100,480  trap-nights  is  presented. 
Records  of  298  movements  of  183  white¬ 
footed  mice  averaged  151  feet.  Maximum 
recorded  movement  in  one  day  was  450 
feet.  Males  averaged  greater  distances 
per  movements,  greater  time  intervals 
between  capture,  and  greater  number  of 
captures  than  females.  P.  leucopus 
moved  from  areas  of  abundant  natural 
food  into  a  cornfield  and  became  es¬ 
tablished  therein.  The  population  within 
the  cornfield  was  due  to  initial  migra¬ 
tion,  and  subsequent  reproduction, 
rather  than  continual  immigration.  Pos¬ 
sible  effects  of  inundation  are  noted. 


Investigators  have  found  food  sup¬ 
ply  to  be  a  factor  limiting  the  abun¬ 
dance  (Linclerborg,  1941;  Brown, 
1953;  Pearson,  1953;  Bendell,  1959) 
as  well  as  the  local  distribution 
(Hamilton,  1941;  Getz,  1961)  of 
small  mammals. 

In  the  present  study,  approxi¬ 
mately  one  acre  (43,290  square  feet) 
of  Pioneer-312A  field  corn  was 
planted  in  an  area  of  abundant  na¬ 
tural  food.  Movements  of  small 
mammals  between  the  areas  of  abun¬ 
dant  natural  food  and  the  cultivated 
crop  then  were  studied  (Turner, 
1966a) .  Effects  of  the  cornfield  upon 
movements  were  measured  through 
capture-success  per  traplines  as  well 
as  movement  patterns  in  relation  to 
the  cornfield. 


Although  this  study  is  concerned 
primarily  with  Peromyscus  leuco¬ 
pus ,  a  brief  mention  will  be  made  of 
the  other  species  captured. 

Description  of  Area 

The  area  of  study  was  located  in  a 
moist  bottomland  located  in  the  W%, 
NB14,  SEt4,  SWf4,  of  Section  32  situated 
in  T9S,  R1W,  3rd  P.  M.,  Jackson  County, 
Illinois.  The  research  area  (Fig.  1)  was 
two-tenths  mile  southwest  of  the  Car- 
bondale  City  Reservoir. 

Vegetation.  —  The  introduced  cornfield 
was  bordered  on  the  northern,  southern, 
and  eastern  sides  by  a  wooded  area.  The 
western  border  of  trees  extended  only 
50  yards  beyond  the  plot  and  was  suc¬ 
ceeded  by  an  open  field.  A  steep,  wooded 
hillside  was  located  50  yards  south  of 
the  cornfield,  and  numerous  intermit¬ 
tent  streams  drained  the  bottomland 
woods  (Fig.  1). 

The  vegetation  of  the  four  borders 
was  fairly  uniform  in  species  composi¬ 
tion.  In  general,  the  area  seemed  to  be 
in  a  transitional  stage.  A  climax  was  not 
discernible  due  to  the  mixed  nature  of 
the  components. 

The  area  adjacent  to  the  streams  was 
dominated  by  large  box  elder  (Acer 
negundo) ,  sycamore  ( Platanus  occiden- 
talis),  honey  locust  ( Gleditsia  triacan- 
thos) ,  and  cottonwood  ( Populus  del- 
toides).  Other  trees  found  in  the  area 
were  winged  elm  ( Ulmus  alata) ,  slippery 
elm  ( Ulmus  rubra) ,  white  ash  ( Fraxinus 
americana) ,  green  ash  ( Fraxinus  lan- 
ceolata) ,  red  maple  (Acer  rubrum) , 
sugar  maple  (Acer  saccharum),  sassa¬ 
fras  ( Sassafras  albidum) ,  hackberry 
( Celtis  occidentalis) ,  flowering  dogwood 
( Co?'nus  florida ),  wild  black  cherry 
( Prlnus  serotina),  persimmon  ( Dio  spy - 
ros  virginiana),  and  hazelnut  ( Corylus 
americana) . 
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Of  scattered  distribution  were  shingle 
oak  ( Quercus  imbricaria) ,  swamp  white 
oak  ( Quercus  bicolor),  shagbark  hickory 
( Carya  ovata) ,  bitternut  hickory  (Cary a 
cordiformis) ,  pignut  hickory  ( Carya 
glabra),  river  birch  ( Betula  nigra),  and 
red  cedar  ( Juniperus  virginiana). 

The  most  abundant  trees  adjacent  to 
the  streams  were  cottonwood,  sycamore, 
and  box  elder.  Red  cedar  and  river 
birch  were  scarce;  swamp  white  oak  was 
rare.  The  peripheral  woody  vegetation 
of  the  northwestern  and  eastern  borders 
contained  large  stands  of  young  box 
elder,  ash,  cottonwood,  and  slippery  elm. 
Fallen  logs  were  abundant  throughout 
the  area  and  leaf-litter  was  evident  in 
most  seasons. 

The  woods  contained  a  rich  under¬ 
story.  Suffruticose  and  viny  vegetation 
often  were  encountered  in  dense  thick¬ 
ets.  Blackberry  ( Rubus  ostryifolius) , 
dewberry  ( Rubus  flagellaris) ,  trumpet 
creeper  ( Campsis  radicans) ,  and  honey¬ 
suckle  ( Lonicera  japonica)  were  exten¬ 
sive  in  some  areas.  Cat-brier  ( Smilax 
rotundifolia) ,  wild  yam  ( Dioscorea  vil- 
losa),  buttonbush  ( Cephalanthus  Occi¬ 
dent  alis) ,  and  winter  grape  ( Vitis  cin- 
erea)  were  scattered  throughout  the 
understory.  Grape  lianas  were  suspend¬ 
ed  from  many  of  the  larger  trees. 

Commonly,  the  herbaceous  understory 
was  composed  of  touch-me-not  (Impa- 
tiens  biflora),  poison  ivy  ( Rhus  radi¬ 
cans),  wood  nettle  (Leportea  canaden¬ 
sis),  goosegrass  ( Galium  aparine) ,  and 
panic  grasses  ( Panicum  anceps,  P.  lati- 
folium,  P.  agrostoides,  and  P.  oligosan- 
thes) .  Other  herbs  were  Virginia  creeper 
( Parthenocissus  quinquefolia) ,  buttercup 
( Ranunculus  abortivus) ,  plantain  ( Plari - 
tago  major),  white  avens  ( Ceum  cana- 
dense) ,  wild  rye  ( Elymus  sp.),  clearweed 
(Pilea  pumila) ,  fesque  ( Festuca  rubra), 
fleabane  (Erigeron  annuus),  wild  garlic 
( Allium  canadense) ,  false  nettle  ( Boe - 
hmeria  cylindrica) ,  ragweed  (Ambrosia 
artemisiifolia  and  A.  trifida) ,  beggar’s 
ticks  (Desmodium  pauciflorum,  D.  pani- 
culatum,  and  D.  cuspidatum) ,  mayapple 
(Podophyllum  peltatum) ,  dogbane  (Apo- 
cynum  cannabinum) ,  cup  plant  (Sil- 
phium  perf  oliatum) ,  violets  (Viola 
striata  and  V.  sororia),  snakeroot  (Sani- 
cula  canadensis),  wild  petunia  (Ruellia 
strcpens),  bluets  (Housonia  sp.),  green 
dragon  (Arisaema  dracontium) ,  dock 
(Rumex  acetosella),  false  pimpernel 
(Lindernia  dubia) ,  thistle  (Cirsium  sp.), 
Venus’  looking-glass  (Triodanis  perfoli- 
ata),  milkweed  (Asclepias  syriaca) , 
Carolina  cranesbill  (Geranium  carolini- 


anum) ,  cinquefoil  (Potentilla  simplex), 
agrimonies  (Agrimonia  parviflora  and 
A.  rostellata) ,  mountain  mint  (Pycnan- 
tliemum  flexuosum) ,  spring  beauty 
(Claytonia  virginica) ,  meadow  rue 
(Thalictrum  revolutum) ,  water  hemlock 
(Cicuta  maculata),  aster  (Aster  sp.), 
groundnut  (Apios  americana) ,  honewort 
(Cryptotaenia  canadensis) ,  passion  flow¬ 
er  (Passiflora  lutea),  garden  phlox 
(Phlox  paniculata) ,  spanish-needle  (Bid- 
ens  vulgata),  and  elderberry  (Sambucus 
canadensis) . 

A  dust  strip,  averaging  16  feet  wide, 
was  constructed  between  the  cornfield 
and  the  surrounding  woods.  The  vegeta¬ 
tion  between  the  dust  strip  and  the 
woods  was  distinct  from  the  understory. 
Plants  from  this  two  to  three  foot  wide 
strip  were  constantly  invading  the  dust 
strip.  Touch-me-nots  again  were  num¬ 
erous  and  fleabane  present.  Most  of  the 
plants,  however,  were  different:  indian 
tobacco  (Lobelia  inf  lata) ,  dwarf  St. 
John’s  wort  (Hypericum  mutilum) ,  wood 
sorrel  (Oxalis  stricta),  boneset  (Eupa- 
torium  serotinum  and  E.  perf  oliatum) , 
mercury  (Acalypha  rhomboidea) ,  cus- 
cuta  (Cuscuta  sp.),  sedge  (Cyperus 
strigosus) ,  sundrop  (Oenothera  pilosel- 
la) ,  red  clover  (Trifolium  pratense) , 
vervains  (Verbena  hastata  and  V.  urti- 
cifolia),  and  smartweeds  (Polygonum 
hydropiperoides ,  P.  lapathifolium,  and 
P.  pennsylvanicum) . 

Pokeweed  (Phytolacca  americana), 
hog  peanut  (Amphicarpa  bracteata) , 
knotweed  (Polygonum  virginianum) , 
and  beggar’s  lice  (Hackelia  virginiana) 
were  present  at  the  base  of  the  hill 
south  of  the  cornfield.  The  northern 
slope  of  the  hill  supported  slippery  elm, 
bitternut  hickory,  shagbark  hickory, 
red  maple,  sugar  maple,  redbud  (Cercis 
canadensis) ,  black  haw  (Viburnum  rifi- 
dulum) ,  hop  hornbeam  (Ostrya  virgin¬ 
iana),  spice  bush  (Lindera  benzoin), 
Solomon  seal  (Polygonatum  bijlorum) , 
wild  ginger  (Asarum  reflexum) ,  and 
Christmas  fern  (Polystichum  acrosti- 
choides).  White  oak  (Quercus  alba), 
black  oak  (Quercus  velutina),  red  mul¬ 
berry  (Morus  rubra),  white  ash,  pignut 
hickory,  and  hop  hornbeam  were  sit¬ 
uated  on  the  hillside. 

Although  traps  were  not  placed  in 
the  open  field  west  of  the  cornfield, 
close  proximity  of  the  field  to  the  trap- 
lines  warranted  a  vegetational  survey. 
The  field  was  entering  a  stage  of  shrub 
succession.  Partridge  pea  (Cassia  fasci- 
culata),  golden  rod  (Solidago  sp.),  and 
panic  grasses  formed  the  most  abund- 
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ant  herbaceous  cover.  Of  more  general 
distribution  were  selfheal  ( Prunella  vul¬ 
garis)  ,  wild  carrot  ( Daucus  carota), 
timothy  ( Phleum  pratense) ,  sweet  po¬ 
tato  vine  ( Ipomoea  pandurata) ,  wild 
lettuce  ( Lactuca  canadensis) ,  rush 
(J uncus  biflorus) ,  beggar’s  tick,  fleabane, 
milkweed,  thistle,  boneset,  and  sedge. 
The  suffruticose  and  woody  invaders 
were  blackberry,  dewberry,  winter' grape, 
honeysuckle,  poison  ivy,  honey  locust, 
winged  elm,  slippery  elm,  wild  black 
cherry,  persimmon,  shining  sumac  ( Rhus 
copallina) ,  sycamore,  and  shingle  oak. 

The  nomenclature  utilized  in  this  vege- 
tational  resume  follows  Mohlenbrock 
and  Voight  (1959).  Vegetative  quadrats 
were  not  attempted.  The  traplines  in  the 
woods  were  arranged  in  concentric  rec¬ 
tangles  with  each  line  transecting  most 
of  the  vegetational  types  (Fig.  1).  This 
arrangement  lessened  the  need  for 
quantitative  vegetational  measurements. 

Fifty-one  per  cent  of  the  enumerated 
species  previously  have  been  cited  as 
possible  foods  of  Peromyscus  leucopus 
and  other  small  mammals  (Cogshall, 


1928;  Hamilton,  1941;  Martin,  Zim,  and 
Nelson,  1951;  Whitaker,  1963). 

Precipitation.  —  Southern  Illinois  av¬ 
erages  38  to  46  inches  of  annual  precipi¬ 
tation  (Layne,  1958).  Recorded  precipi¬ 
tation  during  the  eleven-month  trapping 
period  of  1964-65  was  41.1  inches,  and  the 
mean  for  this  period  was  3.7  inches 
per  month  (Table  1).  December  (6.2 
inches)  and  January  (5.1  inches)  were 
the  months  of  greatest  precipitation. 
No  rainfall  was  recorded  during  October. 

Two  rain  guages  within  the  research 
area,  placed  only  518  feet  apart  in 
similar  conditions,  recorded  different 
amounts  of  rainfall.  The  two  gauges 
differed  by  1.3  inches  in  total  precipita¬ 
tion  during  the  1964-65  trapping  period. 
The  rainfall  of  August  28  as  well  as  the 
total  rainfall  for  August,  differed  by  0.9 
inch  between  gauges. 

Flooding  was  a  common  occurrence  in 
the  bottomland  woods  and  may  have 
been  a  factor  in  small  mammal  survival 
in  the  area.  The  entire  area  trapped  in 
1964-65  was  under  water  during  early 
spring  of  1964.  Currents  cleared  the 


Table  1. — Weather  Data  Collected  at  Study  Area,  1964-65. 


Month 

Precipitation  (in.) 

Mean  Temp.  (F°) 

Gauge  1 

Gauge  2 

Mean 

Max. 

Min. 

June . 

2.4 

2.4 

2.4 

86.6 

65.0 

July . 

4.1 

4.4 

4.2 

86.3 

66.4 

August . 

3.7 

4.6 

4.2 

86.8 

64.0 

September . 

4.4 

4.7 

4.6 

79.9 

56.8 

October . 

0.0 

0.0 

0.0 

72.5 

39.1 

November . 

3.2 

3.3 

3.3 

62.6 

36.4 

December . 

6.2 

6.0 

6.2 

44.9 

27.1 

January . 

5.2 

5.0 

5.1 

47.6 

24.5 

February . 

4.9 

5.1 

5.0 

48.6 

24.8 

March . 

3.1 

3.1 

3.1 

48.1 

28.5 

April . 

3.2 

3.2 

3.2 

73.7 

50.0 

Year  Average . 

3.7 

3.8 

3.7 

66.6 

43.3 
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area  of  leaf-litter.  Less  extensive  flood¬ 
ing  occurred  in  January,  February,  and 
April  of  1965.  Enders  (1930)  says  Pero- 
myscus  leucopus  can  tolerate  a  greater 
range  of  moisture  conditions  than  any 
other  rodent  in  Ohio,  and  Nicholson 
(1941)  says  that  Peromyscus  leucopus 
escapes  excessive  moisture  or  standing 
water  by  living  and  nesting  in  trees. 

Temperatures.  —  Southern  Illinois  has 
185  to  213  frost-free  days  annually 
(Layne,  1958).  Winters  are  cool  and 
mild;  below  zero  temperatures  were 
recorded  on  only  two  days  during  the 
winter  of  1964-65.  The  lowest  monthly 
mean  of  minimum  daily  temperatures 
(24.5°F)  occurred  in  January,  but  the 
lowest  monthly  mean  of  maximum  daily 
temperatures  (44.9°F)  as  well  as  the 
lowest  mean  for  daily  range  of  tempera¬ 
tures  (19.1°F)  occurred  in  December. 

Summers  are  hot  and  usually  dry.  In 
the  summer  of  1964,  only  one  day  above 
100 °F  was  recorded  but  21  days  were 
above  90  °F.  The  highest  monthly  mean 
of  maximum  temperatures  was  in  Au¬ 
gust  (86.8°F) ,  but  July  (66.4°F)  had 
the  highest  mean  of  minimum  tempera¬ 
tures.  The  highest  mean  for  daily  range 
of  temperatures  (33.5°F)  was  recorded 
in  October,  during  absence  of  rainfall. 
Averages  for  the  eleven-month  trapping 
period  are  given  in  Table  1.  Daily 
temperature  readings  were  taken  on  a 
maximum-minimum  thermometer. 

Temperatures  may  not  be  limiting,  for 
Peromyscus  leucopus  can  acclimatize  to 
low  temperatures  (Getz,  1961).  Behav¬ 
ioral  patterns  of  huddling,  burrowing, 
and  nest  building  further  offset  the  ad¬ 
verse  effects  of  cold  weather  (Sealander, 
1953),  and  nocturnal,  small  mammals 
avoid  exposure  to  high  temperatures  by 
day  (Behney,  1936;  Getz,  1959). 

Methods  and  Materials 

The  quadrat  method  of  live-trapping 
was  utilized,  and  the  live-traps  were 
modified  after  those  of  Burt  (1927). 
Traps  were  baited  with  rolled  oats  and 
were  checked  daily.  Captured  mammals 
were  toe-clipped  for  individual  identifi¬ 
cation  (Stains,  1962)  and  released  at 
point  of  capture.  Cotton  material  was 
placed  in  each  trap  during  the  winter. 
Stickel  (1946a)  recommends  50-foot  trap- 
intervals  when  applying  quadrat  trap¬ 
ping  methods.  Mohr  (1947)  states  that 
a  system  of  small  grids  would  be  most 
accurate.  In  this  study,  ten-yard  inter¬ 
vals  were  maintained  between  traps  and 
between  traplines. 


During  1963,  two  lines  of  104  small 
mammal  live-traps  were  placed  within 
the  border  of  woods  surrounding  the 
cornfield.  The  cornfield  proper  was  en¬ 
circled  with  Museum  Special  snap-traps 
and  two  additional  lines  of  snap-traps 
divided  the  cornfield  into  thirds;  a  total 
of  139  snap-traps  was  used  (Fig.  1). 
Snap-trap  intervals  were  ten  feet  along 
the  length  of  the  cornfield  and  snap- 
traps  were  placed  between  alternate  rows 
of  corn. 

During  1964,  three  rows  of  live-traps 
replaced  the  snap-traps  and  ten-yard 
trap-intervals  were  maintained  within 
the  cornfield.  Two  rows  of  live-traps, 
additional  to  the  two  rows  of  1963,  were 
established  in  the  surrounding  wood¬ 
lands  in  order  to  examine  any  influence 
of  the  cornfield  upon  more  distant  small 
mammal  movement.  A  total  of  285  live- 
traps  were  used. 

Plant  growth  was  eradicated  within 
the  dust  strip  between  the  cornfield 
and  the  surrounding  woods.  Vegetation, 
other  than  corn,  was  held  in  check  with¬ 
in  the  cornfield.  These  disturbances  may 
have  lessened  chance  movements  of 
small  mammals  into  the  cornfield. 

Traplines  were  maintained  for  19,858 
trap-nights  in  1963  and  80,622  trap- 
nights  in  1964-65.  A  total  of  100,480 
trap-nights  constituted  the  investigation 
of  small  mammal  movement  (Table  2). 
Actual  number  of  trap-nights  was  less 
than  the  stated  total  due  to  malfunction 
of  traps  caused  by  inclement  weather, 
animal  disturbance,  and  miscellaneous 
causes.  A  pattern  of  sprung  traps  was 
not  evident  and  random  placement  of 
malfunctioning  traps  was  assumed. 

Traplines  varied  in  number  of  traps; 
therefore,  numbers  of  rodents  captured 
in  each  line  were  not  comparable.  Use 
of  the  unit  “mice  per  100  trap  nights’’ 
enable  comparisons  of  capture-success 
between  traplines,  months,  and  trapping 
periods.  Likewise,  comparison  of  move¬ 
ments  within  the  cornfield  (45  traps)  to 
movements  within  the  woodland  (240 
traps)  were  facilitated  through  use  of 
this  unit. 

Each  recorded  movement  was  placed 
in  one  of  four  categories  depending  on 
the  relation  of  that  movement  to  the 
cornfield: 

1.  POSITIVE  MOVEMENTS  — Those 
movements  oriented  toward  the  corn¬ 
field;  i.e.,  movements  within  the  wood¬ 
land  from  an  outer  trapline  to  an  inner 
trapline,  or  movements  from  any  trap- 
line  within  the  woodland  to  the  trapline 
within  the  cornfield. 
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Table  2. — Trap-nights  of  1963-65  in  Jackson  County,  Illinois;  Traplines  C,  1,  2,  3,  and  4. 


Month 

C 

1 

2 

3 

4 

Total. 

Catch 

1963 

May . 

0 

960 

0 

0 

0 

960 

June . 

0 

1,440 

0 

0 

0 

1,440 

July . 

1,112 

1,488 

1,736 

0 

0 

4,336 

August . 

4,309 

1,488 

1,736 

0 

0 

7,533 

September . 

3,197 

1,104 

1,288 

0 

0 

5,589 

Total . 

8,618 

6,480 

4,760 

0 

0 

19,858 

1964-65 

June . 

810 

0 

0 

0 

0 

810 

July . 

1,395 

1,440 

1,680 

1,920 

0 

6,435 

August . 

1,395 

1,488 

1,736 

1,984 

1,224 

7,827 

September . 

1,350 

1,440 

1,680 

1,920 

2,160 

8,550 

October . 

1,260 

1,344 

1,568 

1,792 

2,016 

7,980 

November . 

1,080 

1,152 

1,344 

1,536 

1,728 

6,840 

December . 

1,260 

1,344 

1,568 

1,792 

2,016 

7,980 

January . 

1,395 

1,488 

1,736 

1,984 

2,232 

8,835 

February . 

1,260 

1,344 

1,568 

1,792 

2,016 

7,980 

March . 

1,395 

1,488 

1,736 

1,984 

2,232 

8,835 

April . 

1,350 

1,440 

1,680 

1,920 

2,160 

8,550 

Total . 

13,950 

13,968 

16,296 

18,624 

17,784 

80,622 

2.  NEGATIVE  MOVEMENTS— Those 
movements  oriented  away  from  the  corn¬ 
field;  i.e.,  movements  from  the  trapline 
within  the  cornfield  to  any  trapline  with¬ 
in  the  woodland,  or  movements  within 
the  woodland  from  an  inner  trapline  to 
an  outer  trapline. 

3.  NEUTRAL  MOVEMENTS  —  Those 
movements  oriented  neither  toward  or 
away  from  the  cornfield;  i.e.,  movements 
from  a  trap  of  any  trapline  within  the 
woodland  to  another  trap  within  the 
same  trapline,  or  movements  from  any 
trap  within  the  cornfield  to  any  other 
trap  within  the  cornfield. 

4.  NON-MOVEMENT  —  Successive  re¬ 
captures  in  the  same  trap. 

Some  movements  indicated  passage 
through  the  cornfield  into  the  wooded 
border  of  the  opposite  side.  These  were 
treated  as  a  movement  toward  the  corn¬ 
field  (positive  movement)  and  a  move¬ 
ment  away  from  the  cornfield  (negative 
movement) ;  half  the  distance  of  the 
total  movement  being  accredited  to  each. 

Structure  of  the  Population 

In  1963,  116  small  mammals  were  cap¬ 
tured  of  which  39  were  caught  in  snap- 


traps  and  eight  died  in  live-traps,  leav¬ 
ing  a  possible  population  of  69  marked 
mammals  at  the  start  of  the  1964-65 
trapping  period.  Although  110  mammals 
were  captured  in  1964-65,  no  recaptures 
were  made  of  the  small  mammals 
marked  during  the  1963  trapping  period. 
In  the  two  years  (1963-65),  Peromyscus 
leucopus  accounted  for  81.0  per  cent  of 
the  individuals  captured,  Mus  musculus 
9.7  per  cent,  Blarina  l)revicauda  4.0  per 
cent,  and  Tamias  striatus  3.1  per  cent. 
Incidental  captures  accounted  for  the 
remaining  2.2  per  cent;  three  Glaucomys 
volans,  and  one  each  of  Zapus  hudsonius 
and  Rattus  norvegicus. 

The  population  of  1964-65  was  much 
reduced  over  that  of  1963  as  there  were 
60,764  more  trap-nights  in  1964-65  than 
in  1963  and  only  six  additional  animals 
taken.  Extensive  flooding  in  the  spring 
of  1964  was  the  probable  agent  of  re¬ 
duction.  Possible  elimination  of  breed¬ 
ing  stock  through  trap  mortality  in  1963 
as  well  as  the  normal  longevity  of  a 
species  like  Peromyscus  also  may  have 
been  factors  in  the  reduction  of  the 
population  size. 

Effects  of  flooding  were  observed  dur¬ 
ing  the  last  three  weeks  of  February, 
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1965.  Though  the  flood  was  not  as  ex¬ 
tensive  as  in  the  spring  of  1964,  standing 
water  and  cold  temperatures  probably 
were  adverse  conditions  for  small  mam¬ 
mals.  Rain  in  excess  of  four  inches  fell 
during  a  5-day  period  (Feb.  8-12).  Only 
three  animals  marked  previously  were 
captured  following  the  flood  (Turner, 
1966b).  The  survivors  were  captured 
in  the  middle  row  of  traps  in  the  corn¬ 
field.  This  part  of  the  cornfield  was  wet 
and  muddy  but  was  not  under  water  as 
was  the  woodland.  Unmarked  mice  first 
appeared  in  the  outer  lines  of  traps  on 
February  27.  Of  the  first  ten  unmarked 
mice  captured  after  the  flood,  four  were 
juveniles  and  six  adults.  Perhaps  the 
new  inhabitants  resulted  from  dispersal 
of  young  (Stickel,  1954)  and  through 
increased  activity  of  the  breeding  season. 

The  sex  ratio  of  white-footed  mice  in 
the  two  years  was  116  males  and  67 
females  (Table  3,  original  captures). 
The  age  ratio  was  39:144  in  favor  of 
adults.  Layne  (1958)  reports  white¬ 
footed  mice  breeding  throughout  the 
winter  months  in  Southern  Illinois,  with 
a  period  of  reduced  or  discontinued  re¬ 
productive  activity  during  late  summer. 
In  the  present  study,  immature  individ¬ 


uals  were  captured  from  July  through 
April.  Only  one  juvenile,  a  male,  was 
captured  in  July.  In  the  two  years,  36 
per  cent  of  the  original  juvenile  captures 
were  made  in  December,  17.9  per  cent 
in  April,  12.8  per  cent  in  August,  and 
10.2  per  cent  in  September  (Tables  4 
and  5  list  these  captures  in  terms  of  mice 
per  100  trap-nights).  No  juvenile  was 
captured  in  May  or  June  but  trap  data 
were  meager  for  May.  Aging  was  based 
on  criteria  used  by  Bendell  (1959). 

Although  a  greater  percentage  of  the 
female  Peromyscus  population  was  re¬ 
captured,  the  total  number  of  male  re¬ 
captures  was  more  than  double  that  of 
the  females.  Researchers  have  found 
males  often  outnumber  females  in  cap¬ 
tures  and  movements  (Townsend,  1935; 
Stickel,  1946b).  Average  number  of  cap¬ 
tures  per  male  (3.54)  remained  constant 
in  both  trapping  periods  (Table  3),  and 
the  maximum  recaptures  for  a  male  was 
12.  Average  number  of  captures  per  fe¬ 
male  in  1964-65  (2.91)  fluctuated  slightly 
from  that  of  1963  (3.17),  and  eight  re¬ 
captures  were  maximal  for  a  female. 
The  overall  average  number  of  captures 
per  individual  mouse  was  3.36. 

Higher  frequency  of  trap-encounter 


Table  3. — Summary  of  Peromyscus  leucopus  Trap-data,  1963-65. 


Number  of  original 
captures 

Average 

Number  of 
recapture 

Average 

Taken 

number 

of 

movements 

trap- 

record 

Year  and  Sex 

Taken 

once 

two  or 
more  times 

times 

captured 

None 

Some 

longevity 

(days) 

1963 

Males . ; . 

13 

42 

3.55 

47 

93 

24.0 

Females . 

10 

25 

3.17 

33 

43 

15.0 

Total . 

23 

67 

3.40 

80 

136 

20.6 

1964-65 

Males . 

21 

40 

3.54 

33 

122 

23.9 

Females . 

5 

27 

2.91 

21 

40 

26.3 

Total . 

26 

67 

3.32 

54 

162 

24.7 

1963-65 

Males . 

34 

82 

3.54 

80 

215 

23.9 

Females . 

15 

52 

3.04 

54 

83 

20.4 

Total . 

49 

134 

3.36 

134 

298 

22.7 
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Table  4. — Capture-success  {Peromyscus  leucopus  per  100  trap-nights)  in  1963. 


Month 

Trapline  C 

Trapline  1 

Trapline  2 

Male 

Female 

Male 

Female 

Male 

Female 

Yg. 

Ad. 

Yg. 

Ad. 

Yg. 

Ad. 

Yg. 

Ad. 

Yg. 

Ad. 

Yg. 

Ad. 

Original  Captures 

May . 

.00 

.63 

.00 

.00 

June . 

.00 

.97 

.00 

.69 

July . 

.00 

.09 

.00 

.09 

.00 

.40 

.00 

.20 

.00 

.81 

.00 

.40 

August . 

.00 

.02 

.02 

.00 

.13 

.20 

.07 

.13 

.06 

.06 

.00 

.06 

September . 

.03 

.03 

.03 

.06 

.09 

.09 

.00 

.09 

.00 

.16 

.08 

.31 

Total  (age) . 

.01 

.04 

.02 

.04 

.05 

.46 

.02 

.25 

.02 

.36 

.02 

.25 

Total  (sex) . 

.05 

.06 

.51 

.27 

.38 

.27 

Total  (line) . 

.11 

.78 

.65 

Recaptures 

May . 

.00 

.00 

.00 

.00 

Tune . 

.00 

.83 

.00 

.97 

July . 

.00 

.09 

.00 

.00 

.00 

1.34 

.00 

.20 

.00 

2.19 

.00 

.75 

August . 

.02 

.09 

.00 

.05 

.54 

.64 

.20 

1.01 

.17 

1.10 

.00 

.58 

September . 

.00 

.25 

.00 

.06 

.00 

1.09 

.00 

.18 

.00 

.31 

.08 

.85 

Total  (age) . 

.01 

.15 

.00 

.05 

.12 

.83 

.05 

.53 

.06 

1.29 

.02 

.71 

Total  (sex) . 

.16 

.05 

.95 

.58 

1. 

35 

.73 

Total  (line) . 

.21 

1. 

53 

2. 

08 

by  males  has  been  attributed  to  greater 
wandering  tendency  (Townsend,  1935), 
larger  range  (Verts,  1957),  or  increased 
activity  during  breeding  season  (Hirth, 
1959).  Since  it  has  been  postulated  that 
females  travel  shorter  distances,  traps 
were  maintained  at  30-foot  intervals  in 
an  effort  to  equate  the  trap  encounters  of 
females  with  those  of  males.  Although 
males  averaged  traveling  greater  dis¬ 
tances  than  females  in  1963,  in  1964-65 


females  traveled  greater  distances  per 
movement  (Table  6).  Greater  activity 
rather  than  longer  movements  probably 
account  for  the  higher  frequency  of 
males  captured  during  this  study. 

Male  Peromyscus  had  greater  average 
trap-record  longevity  (23.9  days)  than 
did  females  (20.4  days)  as  judged  by 
lapsed  recapture  times;  i,e.,  from  the 
date  of  the  first  capture  to  the  date  of 
the  last  capture  of  a  given  individual. 


Table  5. — Capture-success  ( Peromyscus  leucopus  per  100  trap-nights)  per  Month  by  Trapline,  Sex,  and  Age,  in  1964-65. 
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Table  6. — Distances  Moved  by  Recaptured  Peromyscus  leucopus,  1963-65. 


Month 

Males 

Females 

Total 

No. 

moved 

Avg. 

feet 

No. 

moved 

Avg. 

feet 

No. 

moved 

Avg. 

feet 

1963 

June . 

7 

216 

9 

103 

16 

152 

July . 

46 

212 

13 

164 

59 

201 

August . 

22 

115 

14 

130 

36 

121 

September . 

18 

174 

7 

109 

25 

156 

Total . 

93 

182 

43 

131 

136 

166 

1964-65 

June . 

0 

0 

0 

July . 

24 

105 

7 

92 

31 

102 

August . 

22 

123 

6 

216 

28 

143 

September . 

18 

158 

1 

180 

19 

159 

October . 

4 

155 

0 

4 

155 

November . 

5 

124 

1 

124 

6 

124 

December . 

10 

100 

1 

75 

11 

98 

January . 

14 

92 

10 

172 

24 

125 

February . 

6 

138 

4 

146 

10 

141 

March . 

6 

173 

4 

217 

10 

190 

April . 

13 

206 

6 

120 

19 

179 

Total . 

122 

132 

40 

155 

162 

138 

1963-65  Total . 

215 

154 

83 

143 

298 

151 

Longevity  of  males  was  constant  for  both 
trapping  periods  (23.9  days),  while  that 
of  the  females  (15.0  and  26.3  days)  fluc¬ 
tuated  (Table  3).  Maximum  longevity 
was  137  days  for  the  males  and  105  days 
for  the  females.  White-footed  mice  in 
the  1964-65  trapping  period  established 
longer  trap-records  (24.7  days)  than 
those  of  1963  (20.6  days),  probably  due 
to  partial  removal  by  snap-traps  in  1963. 
The  average  interval  between  recapture 
for  all  Peromyscus  leucopus  was  22.7 
days. 

Influence  of  Cornfield  on 

Peromyscus 

Capture-success  per  Trapline.  —  Com¬ 
parison  of  traplines  failed  to  reveal  sub¬ 
stantial  capture-success  in  the  cornfield 
during  1963  (Table  4).  However,  cap¬ 
tures  in  traplines  1  and  2  decreased  from 
June  to  September  as  the  captures  in 
Trapline  C  (cornfield)  increased,  even 


though  mice  caught  in  line  C  were  being 
removed  from  the  population. 

During  1964-65,  total  capture-success 
per  trapline  decreased  with  increased 
distance  from  the  cornfield  (Table  5). 
Capture-success  of  Trapline  C  was  1.7 
times  greater  than  that  of  trapline  1 
(innermost  trapline  of  the  woodland 
border),  2.6  times  greater  than  trap- 
line  2,  4.8  times  greater  than  trapline 
3,  and  16.4  times  greater  than  trapline 
4  (outermost  line).  The  monthly  dis¬ 
tribution  of  capture-success  for  each 
trapline  is  illustrated  in  Figure  2. 

Only  trapline  C  was  operative  in  June, 
and  captures  were  few  for  the  corn  was 
still  immature  at  this  time  and  the 
ground  lacking  cover.  Ears  of  corn 
formed  on  the  stalks  in  the  second  week 
of  July,  and  the  capture-success  of  the 
inner  traplines  (C  and  1)  was  equivalent 
to  that  of  the  outer  traplines  (2  and  3) 
at  this  time.  Mice  released  within  the 
cornfield  often  ran  into  the  forest 
border  near  trapline  1.  High  capture- 
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Figure  2.  Monthly  distribution  of  cap¬ 
ture-success  in  1964-65. 


success  of  line  1  may  indicate  reciprocal 
movement  between  the  cornfield  and  the 
woodland  border,  thus  lines  C  and  1  are 
treated  together  in  Figure  2.  Trapline 
4  was  as  yet  inoperative.  Line  C  achieved 
much  greater  success  in  July  than  in 
June. 

In  August,  capture-success  of  lines  1, 
2,  and  3  dropped  while  that  of  line  C  rose 
sharply  (Table  5),  correlated  with  fruit¬ 
ing  of  the  corn.  Trapline  4  was  estab¬ 
lished  in  August  but  maintained  a  low 
capture-success.  Establishment  after  ini¬ 
tial  ear  formation  may  explain  the  fail¬ 
ure  of  line  4  to  achieve  moderate  success. 

A  pronounced  decline  of  capture-success 
was  apparent  during  August,  September, 
and  October.  Burt  (1940)  and  Blair 
(1940  and  1948)  indicate  the  seasonal 
peak  should  occur  during  the  autumn. 
The  decline  in  the  present  study  might 
be  attributed  to  decreased  trapability  of 
the  population,  since  small  mammals 
may  be  present  in  an  area  and  yet  escape 
capture  (Nicholson,  1941;  Evans,  1942; 
Hayne,  1949).  Recovery  during  Novem¬ 
ber  was  not  due  to  new  individuals,  but 
to  recapture  of  individuals  marked  pre¬ 
vious  to  the  decline.  The  nadir  occurred 
in  October  and  was  correlated  with  lack 
of  precipitation  and  wide  temperature 
fluctuation  (Table  1).  The  two  seasonal 
peaks  of  capture-success  during  this 
study,  July  and  December,  were  ac¬ 
companied  by  abundant  precipitation 
and  minimal  temperature  fluctuation. 


The  mice  may  have  been  attracted  to 
the  ripened  corn  instead  of  the  baited 
traps  during  October.  However,  if  this 
was  the  reason  for  decreased  captures, 
similar  patterns  of  low  capture-success 
should  have  occurred  during  the  fol¬ 
lowing  months  when  corn  was  still 
available  to  the  rodent  population. 

Increased  capture-success  in  the  inner 
traplines  during  December  reflect  an  in¬ 
crease  in  the  Peromyscus  leucopus  popu¬ 
lation.  Forty-five  per  cent  of  the  1964- 
65-juveniles  were  captured  in  December, 
and  nine  unmarked  adults  also  were 
captured.  Traplines  C,  1,  and  2  accounted 
for  50  per  cent,  35  per  cent,  and  15  per 
cent  of  the  captures,  respectively.  New 
individuals  were  not  captured  in  lines 
3  and  4. 

Maximum  utilization  of  the  cornfield 
and  adjacent  area  was  in  the  winter 
months.  Previous  to  the  flood  in  Feb¬ 
ruary,  captures  were  concentrated  in 
the  inner  traplines.  Survivors  of  the 
flood  remained  within  the  cornfield, 
while  new  individuals  were  trapped  in 
the  outer  lines.  Proportionately  higher 
capture-success  was  recorded  in  the  out¬ 
er  traplines  in  March  and  April.  In¬ 
creased  capture-success  in  both  inner 
and  outer  traplines  during  April  reflect 
an  increase  in  the  size  of  the  population. 

Movement  in  Relation  to  the  Corn¬ 
field. —  Brevity  of  the  1963  trapping 
period  hindered  detection  of  movement 
patterns.  Snap-traps  biased  the  data  on 
movements  through  elimination  of  move¬ 
ments  within  the  cornfield  and  move¬ 
ments  exiting  the  cornfield.  Lengthen¬ 
ing  the  trapping  period  and  replacing 
snap-traps  with  live-traps  allowed  more 
comprehensive  data  on  movements  in 
1964-65. 

Although  extensive  movements  have 
been  recorded,  white-footed  mice  seldom 
range  more  than  200  or  300  feet  (Fitch, 
1958;  Nicholson,  1941).  Maximum  dis¬ 
tance  moved  during  this  investigation 
was  541  feet  by  both  sexes  and  the  aver¬ 
age  distance  was  151  feet.  Burt  (1940) 
mentions  the  average  cruising  range  to 
be  about  159  feet.  Although  males  av¬ 
eraged  a  greater  distance  per  movement 
in  1963-65,  the  females  averaged  greater 
distances  in  the  1964-65  trapping  period 
(Table  6).  Movements  of  the  males  were 
represented  by  a  larger  sample  and  may 
be  more  reliable  than  those  of  females, 
which  fluctuated  greatly.  Nicholson 
(1941)  and  Burt  (1940)  note  males  often 
travel  greater  distances  than  do  females. 
A  male  made  the  greatest  movement  in 
one  day,  450  feet,  while  the  greatest 
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movement  of  a  female  in  one  day  was 
212  feet.  The  average  distance  for  all 
Peromyscus  in  1963  was  greater  than 
in  1964-65  but  may  have  been  due  to  the 
removal  of  mice  from  the  vicinity  of 
the  cornfield. 

Hatfield  (1940)  and  Hirth  (1959) 
note  that  activity  of  small  mammals  de¬ 
creases  during  the  winter  months.  Dis¬ 
tance  per  movement  decreased  below 
average  (151  feet)  from  November 
through  February  (124,  98,  125,  and  141 
feet)  of  1964-65  (Table  6).  Distance  per 
movement  in  July  (102  feet),  1964,  also 
was  below  average,  but  rose  in  August 
(143  feet)  and  September  (159  feet)  as 
the  ears  of  corn  became  edible. 

During  1963,  recaptures  representing 
non-movement  accounted  for  32.1  percent 
of  total  recaptures.  Positive  movement, 
neutral  movement,  and  negative  move¬ 
ment  accounted  for  24.4,  22.2,  and  21.3 
per  cent  of  total  recaptures,  respectively. 

Neutral  movement  accounted  for  29.1 


Table  7. — Positive  and  Negative  Move¬ 
ments  of  Recaptured  Peromyscus  leucopus  in 
1964-65. 


Month 

Males/ 
100  trap- 
nights 

Females/ 
100  trap- 
nights 

Total 
catch/ 
100  trap- 
nights 

Positive 

July . 

.11 

.03 

.14 

August . 

.09 

.05 

.14 

September. .  .  . 

.06 

.00 

.06 

October . 

.01 

.00 

.01 

November.  .  .  . 

.03 

.00 

.03 

December.  .  .  . 

.04 

.01 

.05 

January . 

.08 

.06 

.14 

February.  .  .-.  . 

.00 

.00 

.00 

March . 

.02 

.02 

.04 

April . 

.07 

.05 

.12 

Average . 

.05 

.02 

.07 

Negative 

July . 

.08 

.06 

.14 

August . 

.05 

.01 

.06 

September. .  .  . 

.07 

.00 

.07 

October . 

.04 

.00 

.04 

November.  .  .  . 

.03 

.02 

.05 

December.  .  .  . 

.03 

.00 

.03 

January . 

.03 

.03 

.06 

February . 

.03 

.00 

.03 

March . 

.02 

.02 

.04 

April . 

.05 

.00 

.05 

Average . 

.04 

.01 

.05 

per  cent  of  total  recaptures  in  1964-65. 
Positive  movement,  non-movement,  and 
negative  movement  accounted  for  26.0, 
25.1,  and  19.8  per  cent  of  total  recaptures, 
respectively.  Replacement  of  snap-traps 
with  live-traps  probably  accounts  for  the 
relative  changes  of  neutral  movement 
and  non-movement  between  the  1963  and 
1964-65  trapping  periods. 

Data  on  movements  discussed  herein 
are  for  1964-65  (Fig.  3).  In  general, 
males  accounted  for  greater  percentages 
in  all  categories  of  movement;  however, 
this  phenomenon  is  the  function  of  the 
larger  number  of  males  recaptured. 

Total  positive  movements  exceeded 
total  negative  movements  by  a  small 
margin  (Table  7  and  Fig.  3).  Both  cate¬ 
gories  of  movement  were  equal  and 
maximal  in  July.  Correlated  with  the 
fruiting  of  the  corn,  negative  movements 
decreased  in  August  while  positive  move¬ 
ments  remained  high.  The  greatest  dif¬ 
ferences  between  positive  and  negative 
movements  occurred  during  August,  Jan¬ 
uary,  and  April.  Reasons  for  these  dif¬ 
ferences  were  not  readily  discernible; 
availability  of  food,  sexual  activity,  and 


POSITIVE  MOVEMENTS 
(TOTAL,  .70) 


NEGATIVE  MOVEMENTS 
(TOTAL,  .50) 


Figure  3.  Movements  of  Per'omyscus 
leucopus  in  1964-65  (mice/1000  trap- 

nights). 
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immigration  probably  are  the  most  logi¬ 
cal  factors. 

Total  neutral  movement  within  the 
cornfield  greatly  exceeded  total  neutral 
movements  within  the  woodland  during 
all  months  (Table  8,  Fig.  3).  The  zenith 


Table  8. — Neutral  Movements  of  Recap¬ 
tured  Peromyscus  leucopus  in  1964-65. 


Month 

Males/ 
100  trap- 
nights 

Females/ 
100  trap- 
nights 

Total 
catch/ 
100  trap- 
nights 

In  Cornfield 

July . 

.29 

.00 

.29 

August . 

.57 

.14 

.71 

September. .  .  . 

.52 

.00 

.52 

October . 

.00 

.00 

.00 

November.  .  .  . 

.28 

.00 

.28 

December.  .  .  . 

.16 

.00 

.16 

January . 

.22 

.14 

.36 

February . 

.24 

.32 

.56 

March . 

.14 

.00 

.14 

April . 

.15 

.15 

.30 

Average . 

.24 

.07 

.31 

In  Woodland 

July . 

.16 

.02 

.18 

August . 

.05 

.00 

.05 

September. .  .  . 

.04 

.01 

.05 

October . 

.00 

.00 

.00 

November.  .  .  . 

.00 

.00 

.00 

December.  .  .  . 

.01 

.00 

.01 

January . 

.01 

.00 

.01 

February . 

.00 

.00 

.00 

March . 

.00 

.00 

.00 

April . 

.01 

.00 

.01 

Average . 

.03 

.00 

.03 

of  neutral  movement  within  the  corn¬ 
field  was  reached  in  August,  correlated 
with  the  fruiting  of  the  corn,  with  a 
second  peak  being  reached  in  February 
when  the  flooded  woodland  restricted 
movement  to  the  cornfield.  The  nadir  of 
neutral  movement  within  the  cornfield 
occurred  in  March  when  new  individuals 
were  being  trapped  in  the  outer  lines 
rather  than  the  inner  lines. 

Total  non-movement  within  the  corn¬ 
field  exceeded  total  non-movement  within 
the  woodland  (Table  9,  Fig.  3).  Pre¬ 
vious  to  fruiting  of  the  corn,  non-move¬ 
ment  within  the  woodland  was  maximal 
and  was  greater  than  non-movement 
within  the  cornfield;  thereafter,  non¬ 


movement  within  the  cornfield  was 
greater,  and  non-movement  within  the 
woodland  dropped  sharply..  Increased 
non-movement  during  the  winter  months 
may  have  been  due  to  decreased  activity, 
or  to  establishment  of  breeding  territor¬ 
ies  (Burt,  1943).  The  increase  in  April 
reflects  an  increase  in  the  population 
size  and  probable  establishment  of  breed¬ 
ing  territories. 

In  general,  Peromyscus  leucopus  shows 
a  tendency  to  move  to  the  cornfield  and 
become  established  therein.  Since  dif¬ 
ferences  in  positive  movement  and  nega¬ 
tive  movement  are  not  great,  the  con¬ 
centration  within  the  cornfield  must 
have  been  due  to  reproduction  and  re- 


Table  9. — Non-movements  of  Recaptured 
Peromyscus  leucopus  in  1964-65. 


Month 

Males/ 
100  trap- 
nights 

Females/ 
100  trap- 
nights 

Total 
catch/ 
100  trap- 
nights 

In  Cornfield 

July . 

.07 

.00 

.07 

August . 

.14 

.07 

.21 

September. .  .  . 

.07 

.00 

.07 

October . 

.00 

.00 

.00 

November.  .  .  . 

.09 

.00 

.09 

December.  .  .  . 

.24 

.00 

.24 

January . 

.07 

.14 

.21 

February . 

.16 

.00 

.16 

March . 

.00 

.07 

.07 

April . 

.07 

.22 

.29 

Average . 

.08 

.05 

.13 

In  Woodland 

July . 

.10 

.14 

.24 

August . 

.03 

.02 

.05 

September. .  .  . 

.04 

.00 

.04 

October . 

.00 

.00 

.00 

November.  .  .  . 

.02 

.05 

.07 

December.  .  .  . 

.02 

.00 

.02 

January . 

.08 

.00 

.08 

February . 

.02 

.02 

.04 

March . 

.00 

.01 

.01 

April . 

.04 

.03 

.07 

Average ...... 

.03 

.02 

.05 

capture  of  individuals  living  within  the 
cornfield  rather  than  to  immigration.  In¬ 
stitution  of  territorality  may  have 
hindered  immigration  of  mice  into  the 
cornfield.  During  the  1964-65  trapping 
period,  total  juvenile  captures  within 
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the  cornfield  were  .32  per  100  trap-nights, 
as  compared  to  .06  per  100  trap-nights 
in  the  woodland.  Predominance  of  neu¬ 
tral  movement  and  non-movement  with¬ 
in  the  cornfield  substantiates  the  estab¬ 
lishment  of  white-footed  mice  within 
the  cornfield. 

Summary  and  Conclusions 

Movements  of  small  mammals  be¬ 
tween  areas  of  abundant  natural 
food  and  an  area  of  cultivated  crop 
were  studied.  Effects  of  a  cornfield 
upon  the  movements  of  Peromyscus 
leucopus  were  measured  through 
capture-success  per  trapline  (mice 
per  100  trap-nights),  and  movement 
patterns  in  relation  to  the  cornfield 
(movements  per  100  trap-nights). 
Four  live-trap  traplines  were  placed 
within  the  woodland  and  were  ar¬ 
ranged  in  concentric  rectangles,  sur¬ 
rounding  the  cornfield.  An  addi¬ 
tional  live-trap  line  was  placed  with¬ 
in  the  cornfield.  Trap  intervals  of 
30  feet  were  maintained.  A  total  of 
100,480  trap-nights  constituted  the 
investigation  of  small  mammal  move¬ 
ment. 

In  1963,  116  small  mammals  were 
captured  352  times  in  four  months. 
Of  the  116  mammals,  39  were  caught 
in  snap-traps  and  eight  died  in  live- 
traps,  leaving  69  marked  small  mam¬ 
mals  at  the  termination  of  the  1963 
trapping  period.  In  1964-65,  110 
small  mammals  were  captured  334 
times  in  11  months.  No  recaptures 
were  made  of  small  mammals  mark¬ 
ed  during  the  1963  trapping  period. 

The  nadir  of  capture-success  in 
October  was  correlated  with  lack  of 
precipitation  and  wide  daily  temper¬ 
ature  fluctuation.  The  two  capture- 
success  maxima  during  the  present 
study,  in  July  and  December,  were 
accompanied  by  abundant  precipita¬ 


tion  and  minimal  daily  temperature 
fluctuation. 

White-footed  mice,  116  males  and 
67  females,  totaled  81  per  cent  of  all 
species  captured.  Two  hundred  and 
ninety-eight  movements  averaged 
151  feet  and  maximum  movement 
was  541  feet.  Maximum  movement 
in  one  day  was  450  feet  by  a  male 
and  212  feet  by  a  female.  Males 
averaged  greater  distance  per  move¬ 
ment,  greater  time  intervals  between 
capture,  and  were  captured  more 
often  than  females.  Greater  activ¬ 
ity  rather  than  longer  movement 
may  account  for  larger  number  of 
male  captures.  Average  recapture¬ 
time  and  average  number  of  cap¬ 
tures  per  male  remained  constant  in 
both  trapping  periods,  while  aver¬ 
age  recapture-time  and  average 
number  of  captures  per  female  dif¬ 
fered  between  trapping  periods. 
Average  distance  moved  by  both 
sexes  also  varied  between  trapping 
periods.  Distance  per  movement  was 
below  average  during  the  winter 
months  and  in  July,  but  increased  in 
August  (1964)  as  the  ears  of  corn 
became  edible. 

Effects  of  flooding  upon  a  popu¬ 
lation  of  Peromyscus  leucopus  were 
observed  in  February  of  1965.  Only 
three  previously  marked  animals 
were  recaptured  following  the  flood. 
These  were  in  an  area  above  water. 
New  individuals  appeared  in  peri¬ 
pheral  traplines  about  two  weeks 
after  the  flood.  The  white-footed 
mice  apparently  did  not  escape  the 
flood  by  climbing,  but  either  left 
the  area  or  were  drowned. 

Brevity  of  the  1963  trapping  pe¬ 
riod  hindered  detection  of  movement 
patterns.  Snap-traps  in  the  cornfield 
biased  the  data  on  movements  by 


Movement  of  Peromyscus 


297 


eliminating  movements  within  the 
cornfield  and  movements  exiting  the 
cornfield.  Lengthening  the  trapping 
period  and  replacing  snap-traps  with 
live-traps  allowed  more  comprehen¬ 
sive  movement  data  in  1964-65. 

Although  captures  in  the  wood¬ 
land  decreased  in  1963,  the  captures 
within  the  cornfield  increased,  even 
though  mice  were  removed  from  the 
cornfield.  During  1964-65,  total  cap¬ 
ture-success  per  trapline  decreased 
with  increased  distance  from  the 
cornfield.  Coinciding  with  the  fruit¬ 
ing  of  the  corn,  capture-success  in 
the  woodland  dropped  while  that  in 
the  cornfield  rose  sharply. 

Maximum  capture-success  within 
the  cornfield  and  adjacent  area  oc¬ 
curred  in  the  winter  months.  Periods 
of  high  capture-success  in  the  inner 
trapline  of  the  woodland  may  re¬ 
flect  reciprocal  movement  between 
the  cornfield  and  the  woods  edge. 
Proportionally  higher  capture-suc¬ 
cess  was  recorded  in  the  peripheral 
traplines  during  the  spring  than  in 
any  other  season. 

Correlated  with  the  fruiting  of  the 
corn,  negative  movements  (oriented 
away  from  the  cornfield)  decreased 
while  positive  movements  (oriented 
toward  the  cornfield)  remained  max¬ 
imal,  allowing  for  the  greatest  differ¬ 
ence  between  positive  and  negative 
movement.  Degree  of  movement  was 
generally  similar  for  both  movement 
categories  during  other  seasons. 

Neutral  movements  (oriented  nei¬ 
ther  toward  or  away  from  the  corn¬ 
field)  within  the  cornfield  greatly 
exceeded  those  within  the  woodland. 
The  zenith  of  neutral  movement 
within  the  cornfield  was  correlated 
with  the  fruiting  of  the  corn. 

Previous  to  fruiting  of  the  corn, 


non-movement  (representing  no 
movement  between  two  successive 
recaptures)  within  the  woodland  was 
maximal  and  was  greater  than  non¬ 
movement  within  the  cornfield ; 
thereafter,  non-movement  within  the 
cornfield  was  greater,  and  non-move¬ 
ment  within  the  woodland  dropped 
sharply. 

Peromyscus  leucopus  moved  from 
areas  of  abundant  natural  food  into 
a  cornfield  and  became  established 
therein.  Since  differences  in  positive 
and  negative  movement  are  not 
great,  the  concentration  within  the 
cornfield  must  have  been  due  to  re¬ 
production  there,  and  recapture  of 
established  individuals,  rather  than 
immigration.  Institution  of  terri¬ 
toriality  may  hinder  immigration 
of  mice  into  the  cornfield.  During 
the  1964-65  trapping  period,  total 
juvenile  captures  within  the  corn¬ 
field  were  0.32  per  100  trap-nights, 
as  compared  to  0.06  per  100  trap- 
nights  in  the  woodland.  Maintenance 
of  high  capture-success  of  the  inner 
traplines  and  predominance  of  neu¬ 
tral  movement  and  non-movement 
within  the  cornfield  substantiates  the 
establishment  of  white-footed  mice 
within  the  cornfield  and  vicinity. 
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Abstract.  —  Eleutherodactylus  hidal- 
goensis  Taylor  is  regarded  as  a  junior 
synonym  of  E.  decoratus  Taylor.  The 
species  ranges  from  southern  Tamauli- 
pas  to  central  Veracruz,  Mexico,  along 
the  Sierra  Madre  Oriental.  A  new  sub¬ 
species,  E.  decoratus  purpurus  is  de¬ 
scribed  based  on  the  northern  samples. 
Intergradation  occurs  in  eastern  San 
Luis  Potosl. 


The  wide-spread  leptodactylid 
frog  genus  Eleutherodactylus  con¬ 
tains  approximately  300  named  taxa 
and  many  others  as  yet  undescribed. 
More  than  40  species  are  know  from 
Mexico.  These  40  species  are  dis¬ 
posed  into  8  rather  well-defined  spe¬ 
cies  groups.  The  alfredi-g roup  con¬ 
tains  the  most  taxa  (12)  and  at  pres¬ 
ent  is  known  from  the  foothills  and 
mountains  of  eastern  Mexico  and 
Guatemala,  from  southern  Tamauli- 
pas  to  the  Yucatan  Peninsula  and 
Alta  Yerapaz,  Guatemala. 

Dr.  Hobart  M.  Smith  gave  many  help¬ 
ful  suggestions  and  criticisms  on  this 


manuscript.  Miss  Alice  Boatright  pre¬ 
pared  the  drawings  in  Figure  3.  I  am 
grateful  also  to  the  following  curators 
of  several  institutions  for  the  loan  of 
specimens:  Robert  F.  Inger  and  Hymen 
Marx,  Field  Museum  of  Natural  History 
(FMNH) ;  William  E.  Duellman,  Uni¬ 
versity  of  Kansas  Museum  of  Natural 
History  (KU) ;  George  H.  Lowery,  Jr., 
Louisana  State  University  Museum  of 
Zoology  (LSU);  Ernest  E.  Williams, 
Museum  of  Comparative  Zoology,  Har¬ 
vard  University  (MCZ);  Richard  J. 
Baldauf,  Texas  Co-operative  Wildlife  Col¬ 
lection,  Texas  A  &  M  College  (TCWC); 
the  late  Norman  L.  Hartweg  and  Charles 
F.  Walker,  University  of  Michigan  Mu- 
sum  of  Zoology  (UMMZ) ;  Doris  M. 
Cochran,  United  States  National  Mu¬ 
seum  (USNM).  Specimens  from  the 
University  of  Illinois  Museum  of  Natural 
History  are  abbreviated  UIMNH. 

Taylor  (1942:299-303)  described  Eleu¬ 
therodactylus  decoratus  and  E.  hidalgo- 
ensis  from  Banderia,  Veracruz,  Mexico, 
and  Tianguistengo,  Hidalgo,  Mexico,  re¬ 
spectively,  on  the  basis  of  two  juveniles 
of  each.  His  diagnoses  were  apparently 
based  on  only  the  holotypes  of  the  two 
frogs  since  the  paratypes  bridge  the  gap 
separating  the  two  supposed  species.  A 
comparison  of  the  features  used  by 
Taylor  to  separate  the  two  is  given  in 
Table  1. 


Table  1. — Comparison  of  characters  used  by  Taylor  (1942)  to  separate  E.  hidalgoensis  and 
E.  decoratus. 


hidalgoensis 

1.  heel  of  adpressed  leg  reaches  considerably 
beyond  snout. 

2.  diameter  of  tympanum  slightly  less  than  34 
eye  diameter. 

3.  canthus  rounded. 

4.  finger  tips  emarginate. 

5.  sides  darker  than  dorsum. 

6.  occipital  ridge  between  eyes. 

7.  elongate  tubercle  on  tarsus. 


decoratus 

1.  heel  of  adpressed  leg  reaches  only  slightly 
beyond  snout. 

2.  diameter  of  tympanum  slightly  less  than  34 
eye  diameter. 

3.  canthus  moderately  sharp. 

4.  finger  tips  emarginate. 

5.  sides  same  color  as  dorsum. 

6.  no  occipital  ridge. 

7.  one  or  two  indistinct  tubercles  on  tarsus 
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The  holotype  of  E.  decoratus  (FMNH 
100115)  does  not  possess  the  elongate 
tubercle  on  the  tarsus  as  stated  by  Taylor 
(1942:302),  but  instead  has  a  faint  tar¬ 
sal  fold.  The  same  condition  is  seen  in 
the  paratype  (FMNH  100243).  A  speci¬ 
men  from  San  Luis  Potosi  (Xilitla 
region)  has  a  tarsal  fold  the  length  of 
the  tarsus.  In  the  holotype  of  E.  hidal- 
goensis  (FMNH  100094)  there  is  a  short 
(3/5  length  of  tarsus)  tarsal  fold.  The 
paratype  (FMNH  100500)  is  similar.  All 
specimens  of  decoratus  or  hidalgoensis- 
like  frogs  I  have  examined  have  a  faint 
to  moderately  distinct  tarsal  fold  vary¬ 
ing  from  a  full  tarsal  fold  to  one  one- 
half  the  length  of  the  tarsus  or  breaking 
up  into  tubercles. 

One  of  the  primary  characters  used  by 
Taylor  (1942)  and  Smith  and  Taylor 
(1948:58)  in  separating  these  two  sup¬ 
posed  species  was  leg  length.  As  shown 
in  the  scatter  diagram  (Fig.  1)  this 


character  will  not  separate  the  two  nor 
will  it  separate  the  two  races  of  E. 
decoratus  which  I  herein  recognize. 

The  differences  in  canthal  shape  and 
distinctness,  dorsal  vs.  lateral  colora¬ 
tion  (which  is  darker)  and  presence  or 
absence  of  an  occipital  ridge  are  due  to 
individual  variation  even  among  the 
four  type-specimens  of  the  two  nominate 
species.  I  conclude  that  the  two  are 
synonymous  and  as  first  revisor  select 
E.  decoratus  Taylor  (1942:301-3)  as  the 
name  of  the  taxon  in  spite  of  the  fact 
that  E.  hidalgoensis  Taylor  (1942:299- 
301)  has  page  priority.  Eleutherodacty- 
lus  decoratus  is  selected  as  the  name 
since  it  is  shorter  and  less  restrictive  in 
a  geographic  sense.  Neither  name  has 
appeared  often  in  the  literature. 

The  species  ranges  from  central  Vera¬ 
cruz,  Mexico,  along  the  foothills  and 
slopes  of  the  Sierra  Madre  Oriental 
to  south-cental  Tamaulipas,  Mexico 
(Figure  2).  Within  this  range  two  color 
patterns  are  evident  (Figure  3)  and 


Leg  length/snout-vent 

Figure  1.  Scatter  diagram  illustrating 
variation  in  leg  length  in  Eleutherodac- 
tylus  decoratus.  Solid  circles  —  male; 
open  circles — female;  open  circles  with 
x — juveniles;  circles  in  squares  (type- 
series  of  E.  hidalgoensis) ;  circles  in  tri¬ 
angles  (type-series  of  E.  decoratus.) 


Figure  2.  Distribution  of  E.  decoratus. 
Hollow  circles  are  nominate  subspecies, 
solid  circles  are  purpurus. 


Figure  3. — Eleutherodactylus  decoratus.  Right:  E.  decoratus  decoratus  (Louis¬ 
iana  State  Univ.  524;  Xilitla  region,  San  Luis  Potosi,  Mexico).  Left:  E.  decoratus 
purpurus  subsp.  nov.  (Univ.  Michigan  Mus.  Zool.  101194;  Rancho  del  Cielo,  8  km. 
NW  Gomez  Farias,  Tamaulipas,  Mexico). 


they  are  geographically  separated.  There 
apparently  are  also  diffrences  in  “flash” 
colors  between  the  two  although  addi¬ 
tional  field  work  is  needed  to  verify  this. 
The  nominate  race  is  found  from  cen¬ 
tral  Veracruz  northward  through  east¬ 
ern  Hidalgo  and  northern  Puebla  to 
southern  San  Luis  Potosi  where  inter¬ 
grades  appear.  Those  to  the  north  have 
been  called  E.  hidalgoensis  by  Taylor 
(1949)  and  Martin  (1958).  For  this 
population  I  propose  the  name, 

Eleutherodactylus  decoratus  purpurus 
subsp.  nov. 

Eleutherodactylus  hidalgoensis  (part) : 
Taylor,  1949,  Univ.  Kansas  Sci.  Bull., 
33:175-76. — Martin,  1955,  Copeia,  p. 


173.— 1955,  Amer.  Nat.,  89:354.-1958. 

Misc.  Pubis.  Mus.  Zool.,  Univ.  Michi¬ 
gan,  101:45,  49,  52,  81,  88-89. 

Holotype.  —  UMMZ  102496  (CFW 
3035)  collected  in  a  cave  near  Rancho 
del  Cielo,  5  km.  NW  Gomez  Farias,  Tam¬ 
aulipas,  Mexico,  3500  feet  elev. 

Paratypes.  —  UMMZ  102947  (CFWT 
3147-48,  3154),  102948-49;  same  data  as 
for  holotype. 

Definition.  —  A  subspecies  of  Eleu¬ 
therodactylus  decoratus  characterized 
and  distinguished  by:  dorsal  blotching 
more  extensive  and  distinct  than  in 
nominate  race;  groin  and/or  posterior 
surfaces  of  thigh  fuscous  with  purplish 
coat. 
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Description  of  holotype.  —  Adult  fe¬ 
male;  head  broader  than  long;  canthus 
rostralis  distinct;  loreal  region  slightly 
concave,  sloping  gently  to  lip;  distance 
from  eye  to  tip  of  snout  one-half  again 
as  great  as  length  of  eye;  eye  small, 
interorbital  distance  greater  than  width 
of  eyelid;  tympani  large,  circular,  upper 
borders  hidden  by  supra  and  posttym- 
panic  folds;  tympani  about  y2  diameter 
of  eye;  skin  of  head  granular;  large  tu¬ 
bercles  behind  and  below  tympani;  snout 
in  dorsal  profile  rounded,  in  later  pro¬ 
file  truncate,  extending  beyond  lower 
lip;  choanae  visible  from  below  and  well 
within  border  of  lips;  choanae  large, 
area  of  a  choana  about  three  to  three 
and  one-half  times  area  of  a  vomerine 
tooth  boss;  vomerine  tooth  bosses  in  ar¬ 
rangement  lying  between  choanae  pos¬ 
terior  to  a  line  drawn  through  centers 
of  choanae;  tongue  large,  subcircular, 
not  notched  behind,  free  posteriorly  for 
about  1/6  its  length. 

Skin  of  dorsum  finely  granular,  more 
strongly  so  on  sides;  venter  smooth  ex¬ 
cept  on  posterior  surfaces  of  thighs  and 
around  anus;  abdominal  disc  very  faint; 
fingers,  shortest  to  longest,  1,  2,  4,  3, 
tips  expanded  into  very  broad  triangular 
pads;  supernumerary  tubercles  on  palm; 
subarticular  tubercles  large  and  promi¬ 
nent;  three  palmar  tubercles,  outer 
smallest;  no  tubercles  or  fold  on  arms; 
carpal  tubercle  small,  nearly  indiscerni¬ 
ble;  heel  extending  well  beyond  tip  of 
snout;  moderately  strong  inner  tarsal 
fold  for  about  y2  length  of  tarsus;  no 
outer  fold  or  tubercles;  inner  metatarsal 
tubercle  suboval,  about  five  times  size 
of  outer;  latter  round,  not  compressed; 
no  supernumerary  tubercles;  no  webbing 
between  toes;  subarticular  tubercles 
prominent;  tips  of  toes  expanded  into 
pads  like  those  on  fingers  but  propor¬ 
tionately  smaller;  lateral  fringes  on 
toes. 

Color. — Ground  color  pale  cream;  dor¬ 
sum  with  numerous  spots  and  blotches 
made  up  of  small  spots;  area  of  no  pig¬ 
mentation  across  eyelids  and  interorbital 
space;  faintly  discernible  interorbital 
triangle;  arms  and  legs  banded,  bands 
of  arms  more  definite  in  outline;  bands 
of  legs  with  bands  in  interspaces;  darker 
bands  equal  on  thighs;  no  interspace 
banding  on  tibia  or  tarsus;  interspaces 
smaller  than  bands;  venter  uniform 
light  cream  in  color;  labial  bands  not 
definite,  but  at  least  two  enter  orbit. 

Measurements  in  mm  of  holotype.— 
Snout  to  vent  56;  tibia  32;  tympanum 


4.0;  head  width  23.5;  head  length  18.7; 
eye  length  6.8;  eyelid  5.3;  interoribtal 
distance  6.5;  width  of  3rd  finger  pad 
4.7 ;  heel  beyond  snout  5.0. 

Color  in  life.  —  Dr.  Charles  F.  Walker 
provided  the  following  color  notes; 
“UMMZ  102496 — Bright  jade  green  (in 
light  phase),  the  dorsal  pattern  scarcely 
apparent;  in  dark  phase  as  preserved  the 
dorsal  ground  color  duller,  the  dark 
pattern  very  prominent.  No  color  ven- 
trally  or  in  groin.  Concealed  thigh  sur¬ 
face  dark  fuscous  with  faint  purplish 
tinge,  almost  black  after  killing  in 
chloretone. 

“UMMZ  102947  (3)  -  CFW  3147  - 

Ground  color  a  dull  green;  dorsal  pat¬ 
tern  dark  gray;  a  dark  area  in  groin, 
and  posterior  thigh  surface  fuscous  with 
a  purplish  cast.  CFW  3148  -  Ground 
color  bright  green;  dark  areas  in  groin 
and  on  thighs  not  as  strongly  developed 
as  in  3147,  the  barred  thigh  pattern  ap¬ 
parent.  CFW  3154  -  Brilliant  apple  green 
ground  color;  pattern  a  moderately  dark 
green;  purplish  fuscous  in  groin  and  on 
legs.  Iris  predominately  a  dull  gold, 
finely  reticulate  with  black.  Small  areas 
immediately  anterior  and  posterior  to 
pupil  are  reddish  or  coppery. 

“UMMZ  102948  -  Dark  rich  green 
ground  color;  dorsal  pattern  a  quite 
dark  green,  darker  than  ground  color; 
fuscous  in  groin  and  on  concealed  thigh 
surface.  Throat,  under  surfaces  of  tibiae 
mottled  with  gray,  traces  of  mottling  on 
chest  and  under  thighs.  This  ventral 
mottling  not  noted  on  other  specimens. 

“UMMZ  102949  -  Ground  color  a  rich 
dark  green;  purplish  fuscous  in  groin 
and  on  concealed  thigh  surfaces.  Iris 
gold,  with  reddish  before  and  behind 
pupil  as  in  3154.” 

Remarks.  —  The  description  of  speci¬ 
mens  of  E.  hidalgoensis  (=  decoratus) 
from  San  Luis  Potosi,  in  Taylor’s  (1949: 
175-176)  account,  indicates  that  he  had 
intergrades  between  E.  d.  decoratus  and 
E.  d.  purpurus.  The  W-shape  mark  on 
the  occiput  is  present,  one  has  lavender 
coloration,  the  pattern  in  one  is  indis¬ 
tinct,  in  another  quite  distinct.  His 
specimens  were  collected  in  a  cave. 

The  northern  populations  of  E.  decora¬ 
tus  are  peppered,  more  so  than  the 
southern  ones.  One  specimen  from  near 
Las  Vigas,  Veracruz,  is  peppered  like 
those  in  Tamaulipas.  In  other  speci¬ 
mens  from  Veracruz,  Hidalgo  and  San 
Luis  Potosi  (except  as  noted  above) 
the  pattern  is  drab  and  for  the  most  part 
indefinable.  In  all  E.  decoratus  decora- 
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tus,  the  W-mark  on  the  occiput  is  visible, 
and  other  markings  are  faint  if  at  all 
present. 

Martin  (1958:51)  reports  that  only  4 
of  the  69  Tamaulipan  specimens  were 
encountered  in  places  other  than  caves 
and  sinks.  Taylor  (1949:  Loc.  cit.)  has 
also  commented  on  specimens  from  San 
Luis  Potosi.  Other  specimens,  KU  24036 
and  USNM  140129,  bear  remarks  on  the 
field  tag  which  note  the  specimens  were 
taken  in  caves.  This  crepuscular  or 
cavernicolous  habit  might  explain  in 
part  the  seeming  rarity  of  the  species 
prior  to  Martin’s  collections  in  Tamauli- 
pas. 

Comparisons.  —  E.  clecoratus  purpurus 
differs  from  E.  spatulatus,  E.  bufonoides, 
E.  alfredi,  E.  taylori,  E.  xucanebi  and  E. 
megalotympanum  in  the  same  manner 
as  the  nominate  race.  From  E.  d.  decora- 
tus  it  differs  in  having  well  defined  labial 
bars,  no  pink  flash  colors  and  a  more 
clearly  defined  dorsal  pattern. 

Also  found  with  or  near  E.  d.  purpurus 
are  E.  augusti  augusti,  and  E.  rhodopis , 
neither  of  which  has  greatly  expanded 
finger  pads. 

Distribution.  —  The  Gomez  Farias 
region  of  southern  Tamaulipas,  Mexico 
(Fig.  2).  Specimens  examined  (45)  as 
follows:  Mexico,  Tamaulipas:  9  mi. 
NNW  Chamal,  Aseradero  del  Paraiso, 
UMMZ  111258-62;  5  mi.  NW  Gomez 

Farias,  Rancho  del  Cielo,  UMMZ  98949, 
101188  (7),  101189  (3),  101190,  101191 
(2),  101192-96,  101357-59,  102861  (8), 

102946,  102947  (3),  102948-49,  105495  (3). 
Martin  (1958)  has  also  recorded  it  from 
the  nearby  localities  of  Aserradero  del 
Inferno,  1  km.  S  La  Gloria;  Chihue; 
and  near  La  Joya  de  Salsas. 

The  frog  is  found  in  cloud  forest  be¬ 
tween  420  and  1830  meters;  most  frogs 
however  were  taken  at  localities  between 
1050  and  1200  m. 

Following  is  a  synopsis  of  the  nomi¬ 
nate  subspecies: 

Eleutherodactylus  decoratus  decoratus 
Taylor 

Eleutherodactylus  decoratus  Taylor, 

1942,  Univ.  Kansas  Sci.  Bull.,  28  (2) 

14,  301-303;  Smith  and  Taylor,  1948, 

Bull.  U.  S.  Natl.  Mus.,  194:  58,  61; 

1950,  Univ.  Kansas  Sci.  Bull.,  33  (2) 

8:  348;  Smith,  Smith  and  Werler, 

1952,  Texas  Jour.  Sci.,  4  (2)  :253- 

254;  Martin,  1958,  Misc.  Publ.  Mus. 

Zool.  Univ.  Michigan,  101:52. 


Eleutherodactylus  hidalgoensis  Taylor, 
1942,  Univ.  Kansas  Sci.  Bull.,  28  (2) 
14:  299-301;  Taylor  and  Smith,  1945, 
Proc.  U.  S.  Natl.  Mus.,  95:569-70; 
Smith  and  Taylor,  1948,  Bull.  U.  S. 
Natl.  Mus.,  194:58-61;  Taylor,  1949, 
Univ.  Kansas  Sci.  Bull.,  33  (1)  2:171, 
175;  Smith  and  Taylor,  1950,  Univ. 
Kansas  Sci.  Bull.,  33:333;  Martin, 
1958,  Misc.  Pubis.  Mus.  Zool.  Univ. 
Michigan,  101:52;  Langebartel  and 
Smith,  1959,  Herpetologica,  15:27. 

Holotype.  —  FMNH  100115,  Banderilla, 
6  mi.  W.  Jalapa,  Veracruz,  Mexico,  coll. 
E.  H.  Taylor,  16  Aug.  1941.  The  holo¬ 
type  of  the  junior  synonym  E.  hidal¬ 
goensis  is  FMNH  100094,  ca.  4  mi.  N 
Tianguistengo,  Hidalgo,  Mexico,  coll. 
E.  H.  Taylor,  3  July,  1940. 

Diagnosis.  —  The  largest  species  of  the 
alfredi  group  of  Eleutherodactylus,  sep¬ 
arable  from  all  other  forms  by  the  fol¬ 
lowing  combination  of  characters:  vocal 
sacs  and  slits  present  in  males;  tarsus 
with  only  a  weak  fold,  frequently  an 
elongate  tubercle;  skin  of  dorsum  pus¬ 
tular;  canthus  rostralis  moderately  dis¬ 
tinct;  tympanum  less  than  one-half  di¬ 
ameter  of  eye;  tibiotarsal  articulation 
reaching  beyond  tip  of  snout  (occasion¬ 
ally  only  to  nostril);  supernumerary 
tubercles  absent  or  only  faintly  indi¬ 
cated  on  sole;  median  elevated  area  on 
occiput  present  or  not;  pink  (not  purp¬ 
lish)  coloration  in  prehumeral  and  groin 
areas  and  by  the  dorsum  frequently  lack¬ 
ing  extensive  pattern. 

Distribution.  —  The  eastern  slopes  of 
the  Cordillera  Volcanica  in  Veracruz  and 
Hidalgo,  and  northward  along  the  Sierra 
Madre  Oriental  to  San  Luis  Potosi, 
Mexico  (Fig.  2).  Specimens  examined 
(18)  as  follows:  Mexico,  Hidalgo:  Puerto 
Obscura,  Cueva  Piedra  Ancho,  LSU 
13189;  Puerto  de  la  Zorra,  6  mi.  NE 
Jacala,  TCWC  10996;  4  mi.  N  Tianguis¬ 
tengo,  FMNH  100094,  100500.  San  Luis 
Potosi:  Xilitla  region,  KU  24036,  LSU 
523-24,  USNM  140129.  Veracruz:  6  mi. 
W  Jalapa,  FMNH  100115;  2  mi.  W  La 
Joya,  FMNH  100243;  3  mi.  E  Las  Vigas, 
UIMNH  21758;  5.6  mi.  S  Las  Vigas, 
UIMNH  42477-85;  Metlac,  MCZ  24773; 
Potrero  Viejo,  MCZ  24733;  Tequeyutepec, 
USNM  116490. 

Summary 

Eleutherodactylus  hidalgoensis 
and  E.  decoratus  represent  variants 
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of  a  single  population.  As  first  re¬ 
visor,  I  select  the  shorter  name,  E. 
decoratus,  although  E.  hidalgoensis 
has  page  priority. 

The  northern  samples  of  E.  deco¬ 
ratus  are  regarded  as  representing 
a  distinct  subspecies,  E.  decoratus 
purpurus,  differing  from  the  nomi¬ 
nate  one  in  color  pattern  and  possi¬ 
bly  “flash”  color  in  the  groin.  The 
distribution  of  the  species,  based 
upon  the  examination  of  63  speci¬ 
mens,  follows  the  Caribbean  slopes 
of  the  Sierra  Madre  Oriental  and  the 
Cordillera  Volcanica  from  southern 
Tamaulipas  to  central  Veracruz, 
Mexico.  Intergradation  between  the 


two  subspecies  occurs  in  eastern  San 
Luis  Potosi. 
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NEWS  AND  COMMENTS 


Dr.  G.  R.  Yohe  has  continued  his 
efforts  in  developing  a  program  for  an 
Executive  Secretary  for  the  Illinois  State 
Academy  of  Science,  realizing  the  great 
aid  and  benefit  that  would  accrue  both 
to  the  Senior  and  the  Junior  Academy 
of  Science  if  a  fulltime  executive  sec¬ 
retary  could  address  himself  to  prob¬ 
lems  of  both  organizations.  Messrs. 
G.  R.  Yohe,  T.  W.  Schroeder,  C.  Leplie 
Kanatzar  and  Milton  D.  Thompson  met 
for  an  all-day  session  at  Mr.  Schroeder’s 
office  at  the  Illinois  Power  Company  in 
Decatur  to  polish  the  applications  for 
Foundation  support.  It  is  sincerely 
hoped  that  means  can  be  found  to  fi¬ 
nance  this  endeavor  for  a  period  of  four 
to  five  years  until  the  results  of  the  pro¬ 
gram  would  become  self-sustaining.  Any 
members  having  ideas  or  contacts  which 
would  be  helpful  to  our  Chairman,  Dr. 
Yohe,  should  communicate  with  him  at 
the  Illinois  Natural  History  Survey.  We 
feel  strongly  that  the  future  growth  and 
development  of  the  Academy  requires 
this  full  time  attention  to  its  business. 


The  purpose  of  this  note  is  to  bring 
you  up  to  date  on  the  Visiting  Lecturer 
Program  that  has  been  operated  by  the 
Illinois  State  Academy  of  Science  for 
the  past  two  years.  This  program  has 
been  financed  through  grants  from  the 
National  Science  Foundation.  Unfor¬ 
tunately,  the  NSF  has  discontinued  sup¬ 
port  of  the  fifty  Visiting  Lecturer  Pro¬ 
grams  throughout  the  United  States. 
Therefore,  we  are  faced  with  only  two 
alternatives:  (1)  to  continue  the  pro¬ 
gram  under  some  type  of  support  other 
than  NSF,  or  (2)  to  discontinue  the  pro¬ 
gram.  The  Illinois  State  Academy  of 
Science  has  rejected  the  second  alterna¬ 
tive  and  has  established  a  “Visiting 
Lecturer  Committee”  to  work  out  a  plan 
for  continuation  of  the  program.  We 
hope  eventually  to  solicit  financial  sup¬ 
port  from  industry  to  keep  the  program 
in  operation  on  essentially  the  same 
basis  as  in  previous  years.  However, 
solicitation  of  funds  will  take  some  time 


and  cannot  be  accomplished  quickly 
enough  to  be  of  help  during  the  1967-68 
school  year. 

We,  therefore,  solicit  the  help  and 
cooperation  of  the  Academy  membership 
in  keeping  the  program  alive  during  the 
1967-68  school  year.  We  should  like  to 
learn  the  names  of  those  individuals 
who  would  be  willing  to  participate  in 
the  program  for  a  year  without  honor¬ 
arium  and  without  expense  to  the  Illi¬ 
nois  State  Academy  of  Science.  We  are 
hopeful  that  a  sufficient  number  of  sci¬ 
entists  and  mathematicians  in  Illinois 
will  furnish  their  services  without  hon¬ 
orarium  and  that  the  employers  of  these 
people  will  cooperate  by  furnishing 
transportation  and  released  time  for  this 
purpose. 

If  you  find  it  possible  to  cooperate  by 
donating  your  services  to  help  us  to  con¬ 
tinue  this  worthwhile  program,  will  you 
please  notify  the  chairman  of  the  Visit¬ 
ing  Lecturer  Committee  at  your  earliest 
convenience.  Your  assistance  will  be  ap¬ 
preciated  by  the  high  schools  of  Illinois. 
It  is  apparent  that  a  continuing  program 
of  motivation  of  capable  high  school 
students  is  essential  in  order  to  maintain 
a  continuing  supply  of  scientists  and 
mathematicians.  Your  help  is  very  nec¬ 
essary  if  this  is  to  be  accomplished. 

F.  W.  Rolf,  Chairman 

Visiting  Lecturer  Committee 
Department  of  Chemistry 
Northern  Illinois  University 
DeKalb,  Illinois 


A  new  editor,  Professor  Darrel  L. 
Lynch,  Department  of  Biological  Sci¬ 
ences,  Northern  Illinois  University,  De- 
Kaib,  has  been  appointed  to  take  over 
the  Transactions  of  the  Academy.  He 
is  already  at  work  on  the  first  issue  of 
volume  61;  I  will  complete  the  current 
volume.  Professor  Lynch  is  a  microbi¬ 
ologist  with  an  impressive  record  in 
teaching  and  research.  As  I  look  over 
Professor  Lynch’s  numerous  publica- 
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tions,  I  notice  an  emphasis  on  the  study 
of  organisms  and  organic  substances  in 
soils.  Obviously  he  is  headed  toward 
paleontology  but  can  not  wait  until  those 
soils  and  organisms  are  decently  petri¬ 
fied. 

Professor  Wendell  A.  Linbeck  of  the 
Department  of  Chemistry,  Northern  Illi¬ 
nois  University,  will  occupy  a  newly 
created  Academy  position  —  Associate 
Editor.  Because  my  information  is  in¬ 
complete,  I  will  leave  the  pleasure  of 
introducing  Professor  Linbeck  to  a  fu¬ 
ture  writer  of  NEWS  AND  COMMENTS. 
In  any  event  I  am  looking  forward  to 
seeing  culture,  refinement,  and  polish 
applied  to  the  Transactions. 

I  am  pleased  and  flattered  to  have  re¬ 
ceived  so  many  letters  asking  that  I 
stay  on  as  editor.  Such  phrases  as  “only 
you  can  edit  my  papers”  and  “you  put 
the  Transactions  on  the  map”  will  avail 
the  writers  nothing.  Editing  has  taken 
a  lot  of  my  time  from  other  duties — 
duties  that  are  growing  in  scope.  The 
administration  here  at  Southern  felt 
that  I  could  not  do  both  jobs  satisfac¬ 
torily.  I  agree.  Secondly,  the  editorship 
should  be  passed  around  in  order  to  get 
new  views  and  new  approaches  for  im¬ 
proving  the  Transactions.  I  enjoyed  the 
editing  and  regret  the  idea  of  giving 
up  the  role  of  a  power-mad  tyrant.  On 
the  other  hand,  I  have  noticed  that 
sloppy  workmanship  and  errors  are  on 
the  increase — signs  that  indicate  it  is 
time  to  have  a  new  editor. 

I  want  to  thank  the  members  of  the 
Academy  for  supporting  me  in  my  time 
of  need  for  manuscripts.  One  of  my 
dreams  was  to  reach  100  pages  per  issue. 
By  blackmail,  brow-beating,  and  cajol¬ 
ery  I  managed  to  realize  that  dream.  It 
is  my  hope  that  members  will  keep  up 
the  flow  of  papers  to  the  new  editor. 
However,  I  would  urge  each  author  to 
pay  more  attention  to  typing  papers 
properly.  Every  departure  from  the  es¬ 
tablished  format  means  that  the  editor 
must  spend  time  correcting  the  manu¬ 
script.  Seemingly,  some  of  you  authors 
think  that  the  printer  does  the  job  of 
making  a  paper  conform  to  the  format. 
That  is  not  his  job.  At  this  point  I  must 
express  my  sincere  appreciation  to  the 
kind  persons  at  Phillips  Brothers  in 
Springfield  that  did  bail  me  out  of  the 
many  balled-up  messes  I  got  into.  This 
is  my  last  threat.  I  will  do  all  I  can 
to  encourage  the  new  editor  to  summa¬ 
rily  reject  papers  not  properly  prepared 


for  publication.  That  one  act  will  cut 
his  work  by  one-third  or  more. 

Growth  of  institutions  and  the  way 
people  move  around  today  makes  for  a 
lot  of  news.  Dr.  John  N.  Krull  has  been 
appointed  an  Assistant  Professor  of  Zo¬ 
ology  at  Southern  Illinois  University, 
Carbondale,  beginning  June  15,  1967. 
Dr.  Krull  is  an  ecologist  with  special 
interests  in  waterfowl  and  associated 
environments  and  in  natural  resources 
conservation.  He  received  his  Ph.D.  de¬ 
gree  from  State  University  College  of 
Forestry,  Syracuse,  New  York,  in  1967. 

The  Chemistry  Department  here  at 
Southern  really  went  wild.  John  H. 
Wotiz,  Pli.  D.,  will  join  the  faculty  as 
its  chairman  and  a  Professor  of  organic 
chemistry.  Dr.  Wotiz  was  born  in 
Czechoslovakia.  His  degrees  are  as  fol¬ 
lows:  B.S.  1941,  Furman  University; 
M.S.  1943,  Unversity  of  Richmond;  Ph.D. 
1948,  the  Ohio  State  University.  He  has 
been  a  Research  Fellow  in  Chemistry  at 
the  Ohio  State  University  (1946-48)  ;  and 
Instructor,  Assistant  and  Associate  Pro¬ 
fessor  at  the  University  of  Pittsburgh 
(1948-57) ;  a  Group  Leader  and  a  Senior 
Group  Leader  at  the  Diamond  Alkali  Co. 
(1957-62);  and  Professor  and  Head  of 
the  Department  of  Chemistry  at  Mar¬ 
shall  University  (1962-67).  He  has  pub¬ 
lished  extensively  in  organic  chemistry, 
particularly  in  the  chemistry  of  alkynes. 

Mr.  Joseph  Foder  will  come  with  Dr. 
Wotiz  from  Marshall  University  as  his 
administrative  assistant  and  will  be  a 
nonteaching  member  of  the  staff. 

Leon  N.  Klatt,  Ph.D.,  will  be  an  As¬ 
sistant  Professor  of  analytical  chemistry 
beginning  in  September.  He  earned  a 
B.S.  degree  from  Wisconsin  State  Uni¬ 
versity  at  Oshkosh  in  1962,  then  worked 
one  year  at  the  Dow  Chemical  Co.  He 
is  currently  finishing  the  requirements 
of  a  Ph.D.  at  the  University  of  Wiscon¬ 
sin.  His  research  interests  lie  in  mod¬ 
ern  electrochemistry,  both  theoretical 
aspects  and  applications  to  analysis. 

H.  Frank  Gibbard  who  is  presently 
completing  the  requirements  for  a  Ph.D. 
at  M.I.T.  will  join  our  staff  as  an  As¬ 
sistant  Professor  of  physical  chemistry. 
He  received  a  B.S.  degree  from  the  Uni¬ 
versity  of  Oklahoma  in  1962  and  a  S.M. 
degree  from  M.I.T.  in  1964.  His  graduate 
work  has  been  done  under  the  super¬ 
vision  of  Prof.  George  Scatchard.  He 
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has  specialized  in  thermodynamics  and 
solution  chemistry.  His  doctoral  dis¬ 
sertation  is  on  a  study  of  concentrated 
aqueous  electrolyte  solutions  by  a  static 
vapor  pressure  method.  He  is  also  in¬ 
vestigating  an  electromotive  force  cell. 


This  is  not  the  end  of  the  report  on 
new  faculty  members  joining  the  Chem¬ 


istry  Department  here  at  Southern.  See 
the  next  issue. 


Academy  member  Edward  A.  Munyer, 
author  of  several  recent  papers  in  the 
Transactions,  has  left  the  Illinois  State 
Museum  to  join  the  Department  of  Life 
Sciences  at  Vincennes  University,  Indi¬ 
ana. 


NOTES 


NOTES  ON  THE  CORRELATION  OF  THE  LINGLE 
AND  ST.  LAURENT  FORMATIONS  (MIDDLE 
DEVONIAN)  OF  SOUTHERN  ILLINOIS 
AND  SOUTHEASTERN  MISSOURI 


GEORGE  H.  FRAUNFELTER 
Southern  Illinois  University 


Abstract. — The  presence  of  “ Spirifer ” 
sculptilis,  a  Lingle  guide  fossil,  in  the 
granular  (clastic),  coralline  bed  at  the 
top  of  the  St.  Laurent  Limestone  at 
Union  School  in  Perry  County,  Missouri, 
suggests  a  direct  correlation  of  that 
bed  with  the  Lingle  Limestone  in  south¬ 
ern  Illinois.  An  oolite  bed,  a  key  marker 
bed  associated  with  the  granular  (clas¬ 
tic),  coralline  bed  near  the  middle  of 
the  Lingle  Limestone  in  southern  Illi¬ 
nois,  has  been  recognized  in  the  Witten¬ 
berg  area  in  Perry  Countly,  Missouri, 
further  suggesting  a  direct  correlation 
of  the  St.  Laurent  and  Lingle  Lime¬ 
stones. 


G.  A.  Cooper  (1942)  in  discussing  the 
Lingle  Limestone  stated  that  “the  middle 
part  of  the  formation  at  its  type  locality 
contains  Tropidoleptus  carinatus,  “Spi¬ 
rifer”  sculptilis,  Vitulina  Pustulosa  and 
Centronella  impressa.  .  .  Contempora¬ 
neously,  Cooper  (1942)  in  discussing  the 
St.  Laurent  Limestone  stated  that  above 
the  Microcyclus  zone  at  Union  School  in 
eastern  Missouri  “occurs  a  considerable 
thickness  of  Hamilton  rocks  capped  by  a 
granular  limestone  abounding  in  corals 
and  suggestive  of  the  Lingle  limestone 
( Vitulina  zone)”,  .  .  .  “although  this 
correlation  cannot  be  proved”  (Cooper, 
1944). 

No  specimens  of  Pustulatia  ( Vitulina ) 
pustulosa,  Tropidoleptus  carinatus  or 
Centronella  impressa  have  been  found 
in  the  granular  (clastic)  limestone,  to 
which  Cooper  referred,  at  Union  School. 
However,  specimens  of  “ Spirifer ”  sculp¬ 
tilis  have  been  found  in  said  granular 


(clastic)  limestone.  “ Spirifer ”  sculptilis 
is  found  throughout  the  Lingle  Lime¬ 
stone  above  the  Microcyclus  zone  in 
southern  Illinois,  but  has  not  been 
found  in  the  latter  zone  in  either  south¬ 
ern  Illinois  or  southeastern  Missouri. 
“ Spirifer ”  sculptilis  is  most  abundant 
in  the  coarsely-clastic  phases  of  the 
Lingle  Limestone,  particularly  in  the 
most  prominent  clastic  bed  near  the 
middle  of  the  formation. 

These  facts  suggest  that  the  granular 
(clastic),  coralline  limestone  which  caps 
the  St.  Laurent  Limestone  near  Union 
School  (along  south  bank  of  an  east 
tributary  to  Clines  Branch,  about  0.1 
mile  southeast  of  Union  School  in  center 
E  i/2  Sec.  29,  T.  35  N.,  R.  13  E.,  Alten- 
burg  Quadrangle)  in  Perry  County,  Mis¬ 
souri,  is  stratigraphically  equivalent  to 
the  Lingle  Limestone  in  southern  Illi¬ 
nois. 

Associated  with  the  most  prominent 
clastic  zone  near  the  middle  of  the  Lingle 
Limestone,  referred  to  above,  is  an  oolite 
bed.  This  oolite  bed  is  the  key  marker 
bed  in  the  Lingle  and  along  with  the 
clastic  zone  is  the  most  often  and  best- 
exposed  part  of  the  Lingle  Limestone. 
Until  recently  this  oolite  bed  had  not 
been  recognized  in  southeastern  Mis¬ 
souri.  It  is  present  near  the  middle  of 
the  St.  Laurent  Limestone  to  the  south 
(about  0.5  mile  south  of  Wittenberg 
along  a  ridge  paralleling  the  Frisco  Rail¬ 
road  tracks  in  SE  SE  SE  Sec.  18,  T. 
34  N.,  R.  14  E.,  Altenburg  Quadrangle) 
and  west  (in  second  draw  north  of  barn, 
about  0.5  mile  west  of  center  of  Witten¬ 
berg  in  NE  NW  NE  SW  Sec.  18,  T. 
34  N.,  R.  14  E.,  Altenburg  Quadrangle) 


[308] 


Notes 


309 


of  the  town  of  Wittenberg  and  also 
near  the  town  of  Lithium  (southwest 
side  of  first  ridge  northwest  of  town  in 
north  center  of  SE  Sec.  11,  T.  36  N., 
R.  10  E.,  Chester  Quadrangle)  in  Perry 
County,  Missouri.  The  stratigraphic  re¬ 
lationships  of  the  oolite  bed  and  the 
clastic  zone  are  similar  on  both  sides 
of  the  Mississippi  River.  North  of  Clear 
Creek  (in  draw  about  0.25  mile  north 
of  dirt  road  in  SE  SW  SW  Sec.  22,  T. 
11  S.,  R.  2  W.,  Cobden  Quadrangle)  in 
Union  County,  Illinois,  the  clastic  zone 
and  associated  oolite  bed  are  overlain  by 
buff-colored,  argillaceous  limestones  con¬ 
taining  abundant  Mucrospirifer  mu- 
cronatus  and  Mucrospirifer  thedforden- 
sis  and  are  underlain  by  dark,  brownish- 
gray,  argillaceous  limestones  containing 
abundant  Tropidoleptus  carinatus.  A 
similar  situation  exists  at  the  Witten- 
burg  and  Lithium  localities  in  eastern 
Missouri,  suggesting  a  direct  correlation 
of  the  oolite  bed  in  eastern  Missouri 
oolite  bed  in  easter  Missouri  with  the  one 
in  southern  Illinois. 

Thus  the  oolite  appears  to  be  a  re¬ 
liable  marker  bed  in  Missouri,  as 


well  as  in  southern  Illinois;  but  unfor¬ 
tunately,  it  has  not  been  found  distrib¬ 
uted  over  as  wide  a  portion  of  the  Middle 
Devonian  outcrop  belt  in  Missouri. 

To  date  the  oolite  bed  has  not  been 
found  at  Union  School  nor  has  “ Spirifer ” 
sculptilis  been  found  in  the  clastic  zone 
where  the  oolite  bed  is  present  in  Mis¬ 
souri. 
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A  FERAL  STONE  MARTEN,  MARTES  FOIE  A,  IN 

NORTHERN  ILLINOIS 


DONALD  F.  HOFFMEISTER 

Museum  of  Natural  History 
University  of  Illinois 


Abstract.  —  A  feral  stone  marten, 
Martes  foina,  was  captured  on  December 
20,  1965,  along  Blackberry  Creek,  four 
miles  north  of  Sugar  Grove,  Kane  Coun¬ 
ty,  Illinois.  No  other  records  of  this 
Old  World  marten  are  known  for  Illinois. 


Martens  were  last  recorded  in  the 
wild  in  Illinois  over  100  years  ago,  and 
even  then  they  were  uncommon,  if  not 
rare.  Therefore,  it  was  especially  note¬ 
worthy  to  find  that  in  December,  1965,  a 
marten  was  living  along  Blackberry 
Creek  in  Kane  County,  Illinois.  It  was 
even  more  unexpected  to  find  that  this 
animal  was  a  stone  marten,  Martes  foina, 
and  not  the  native  pine  marten,  Martes 
americana.  Stone  martens  now  or  form¬ 
erly  lived  in  western  and  southern 
Europe,  from  the  Atlantic  eastward  into 
Mongolia,  Manchuria,  and  possibly  north¬ 
ern  China.  Stone  martens  do  not  occur 
naturally  in  the  New  World  and  differ 
from  pine  martens  by  having  a  white, 
or  only  slightly  yellowish,  throat  patch 
and  differently  shaped  cheek  teeth. 

The  stone  marten  was  known  to  hunt 
along  Blackberry  Creek,  a  tributary  of 
the  Fox  River,  at  a  place  four  miles 
north  of  Sugar  Grove.  Here,  the  creek 
is  small  and  meandering,  flowing  in 
places  through  deciduous  woodlots,  but 
more  often  through  open,  often  culti¬ 
vated,  land.  The  banks  of  the  creek  have 
little  rock  or  stone  along  them,  but  bluffs 
occur  about  one-quarter  mile  away. 
Muskrats,  mink,  raccoons,  and  opossums 
live  along  Blackberry  Creek  and  have 
been  trapped  in  fair  numbers  there  in 
previous  trapping  seasons. 

Mr.  Gene  W.  Bovee  and  his  son,  Terry 
Bovee,  trap  Blackberry  Creek  and  be¬ 
came  aware  of  the  presence  of  an  un¬ 
usual  predator  shortly  after  the  opening 
of  the  season,  November  15,  1965.  The 
stone  marten  pulled  some  of  their  musk¬ 


rat  traps  out  of  the  stream,  without 
entering  the  water,  and  ate  the  captured 
muskrats.  Often  the  marten  moved  the 
heavy  drags  attached  to  the  muskrat 
traps.  Some  traps  set  on  the  banks 
caught  Norway  rats,  which  were  also 
eaten  by  the  stone  marten.  On  December 
20,  1965,  the  stone  marten  was  finally 
captured. 

Inquiries  at  game  and  fur  farms  in 
the  vicinity  of  Sugar  Grove  and  nearby 
Aurora  by  Gene  Bovee  gave  no  evidence 
that  any  were  raising  martens.  The 
Illinois  Department  of  Conservation  has 
no  records  that  stone  martens  are  being 
raised  in  the  state.  The  nearest  zoo 
(Brookfield)  is  35  miles  away  and  there 
was  no  evidence  that  any  zoo  had  lost 
such  a  specimen.  The  animal’s  pelage 
was  in  excellent  condition  and  there 
were  no  indications  that  a  collar  had 
been  on  the  animal.  We  doubt  that  it 
had  been  held  captive  as  a  pet  just  prior 
to  capture.  Furthermore,  it  had  be¬ 
come  well  established  in  the  wild  for  it 
had  been  feeding  on  a  meadow  mouse, 
Microtus  pennsylvanicus ,  judging  from  a 
stomach  analysis  made  by  Earl  Zim¬ 
merman. 

It  is  noteworthy  that  a  non-native 
mammal  of  the  size  and  habits  of  a 
stone  marten  was  able  to  adapt,  seem¬ 
ingly  quite  readily,  to  living  in  the  wild 
in  northern  Illinois.  In  the  Old  World, 
these  animals  often  live  in  unforested 
areas,  but  usually  where  there  are  rock 
piles,  stone  quarries,  or  stone  dams. 

Through  the  thoughtfulness  of  Gene 
and  Terry  Bovee,  this  stone  marten  was 
made  available  to  the  Museum  of  Nat¬ 
ural  History,  where  it  is  preserved  as 
a  study  skin  with  skeleton,  No.  33406. 
Dr.  Richard  H.  Manville  of  the  Bird 
and  Mammal  Laboratory,  U.  S.  Fish  and 
Wildlife  Service,  kindly  checked  the 
identity  of  the  specimen. 

Manuscript  received  February  15,  1967. 
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NOTES  ON  THE  FERNS  AND  FERN  ALLIES  OF 

CUMBERLAND  COUNTY 


STEVE  L.  WUNDERLE 
Winston  Churchill  College 
Pontiac,  Illinois 


Abstract.  —  Field  work  in  northern 
Cumberland  County,  Illinois,  has  re¬ 
vealed  six  ferns  and  one  fern  ally  which 
have  not  been  previously  reported  for 
the  county.  One  fern  extends  the  north¬ 
ward  distribution  of  the  species  approxi¬ 
mately  36+  miles  and  the  two  other 
ferns  by  approximately  70+  miles  north 
of  their  southern  stations. 


Little  study  has  been  conducted  on 
the  ferns  of  Cumberland  County,  Illinois. 
Winterringer  and  Evers  (I960)  list  only 
six  ferns  as  occurring  in  the  county. 
The  author  has  re-collected  all  of  these 
except  Botrychium  virginianum  (L.) 
Sw.  and  Onoclea  sensibilis  L. 

The  following  six  ferns  and  one  fern 
ally  are  county  records  for  Cumberland. 
Three  of  the  ferns  extend  the  northward 
distribution  by  approximately  36+  miles 
for  one  species  and  70+  miles  for  two 
other  species.  All  of  the  specimens  were 
collected  in  the  NE,  27,  T.  10.8  N.,  R. 
9.2  E.,  Pleasant  Grove  Township,  Cum¬ 
berland  County,  near  Diona,  Illinois.  All 
of  the  specimens  were  collected  in  an 
oak-hickory  and  sycamore-maple  timber 
on  the  west-facing  bank  of  the  Embar¬ 
rass  River  Valley  on  September  14,  1965. 
The  specimens  are  in  the  herbarium  of 
the  author. 

Lycopodiaceae 

Lycopodium  lucidulum  Michx.  The 
shinning  clubmoss  is  very  uncommon 
and  can  be  found  growing  on  moist, 
shaded,  lower  sandstone  ledges,  gen¬ 
erally  growing  with  Asplenium  tricho- 
manes  L. 


Polypodiaceae 

Dryopteris  marginalis  (L.)  Gray.  This 
fern  grows  on  the  wooded,  rocky,  west¬ 
facing  mid-slope  of  the  Embarrass  River 
Valley. 

Dryopteris  carthusiana  (Fuchs)  Vil- 
lars.  The  spinulose  wood  fern  is  an  un¬ 
common  fern  of  a  shaded,  moist,  west¬ 
facing  sandstone  ledge. 

Cheilanthes  lanosa  (Michx.)  D.  C. 
Eaton.  An  extremely  rare  lip  fern  of  the 
dry,  rocky,  wooded  upland.  This  loca¬ 
tion  extends  the  distribution  of  this 
species  approximately  36+  miles  north 
of  Jasper  County,  its  northernmost  sta¬ 
tion. 

Asplenium  pinnatifidum  Nutt.  The 
pinnatifid  spleenwort  is  very  rare  and 
is  found  growing  in  the  crevices  of  the 
sandstone  ledges.  This  specimen  ex¬ 
tends  the  distribution  of  the  species  ap¬ 
proximately  70+  miles  northward  from 
its  previously  known  location  in  Wabash 
County. 

Asplenium  trichomanes  L.  The  maiden¬ 
hair  spleenwort  is  found  very  infre¬ 
quently  growing  along  moist,  shaded, 
lower  sandstone  ledges.  This  specimen 
also  extends  the  known  distribution  of 
this  specimen  70+  miles  north  of  Wa¬ 
bash  County,  its  northernmost  station. 

Athyrium  thelypterioides  (Michx.) 
This  fern  is  not  uncommon  and  can  be 
found  growing  on  the  more  shaded, 
moist,  lower  slopes  and  sandstone  ledges. 
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PREPARATION  AND  THERMAL  STABILITY  OF  BIS (2,6- 
DIMETHYLPYRIDINE) SILVER (I)  NITRATE 


J.  E.  HOUSE,  JR. 
Department  of  Chemistry 
Illinois  State  University ,  Normal 


Abstract. —  Bis  (2,6-dimethylpyridine) 
silver (I)  nitrate  has  been  prepared  di¬ 
rectly  from  solid  silver  nitrate  and  2,6- 
dimethylpyridine  and  from  aqueous  sys¬ 
tems.  In  contrast  to  previous  reports, 
the  compound  is  slightly  light  sensitive 
and  decomposes  at  temperatures  signifi¬ 
cantly  below  its  melting  point.  Observa¬ 
tions  on  the  thermal  stability  of  this 
compound  are  presented. 


Recently  there  have  been  several  stud¬ 
ies  on  complexes  of  2,6-dimethylpyridine 
with  ions  of  copper,  nickel,  and  manga¬ 
nese  (Allen,  et.  al.,  1964,  1965).  These 
compounds  lose  part  or  all  of  the  2,6- 
dimethylpyridine  on  heating.  Several 
other  complexes  containing  this  ligand 
have  also  been  prepared  (Zavari  and 
Datar,  1964;  Buffagni,  Vallarino,  and 
Quagliano,  1964).  Peard  and  Pflaum 
(1958)  reported  the  preparation  of  bis 
( 2,6-dimethylpyridine )  silver  ( I )  nitrate 
from  aqueous  silver  nitrate  and  alcoholic 
2,6-dimethylpyridine.  However,  these  au¬ 
thors  reported  a  melting  point  of  141- 
151  °C  for  the  silver  complex  without 
decomposition,  and  did  not  report  an 
elemental  analysis  for  the  complex.  The 
purpose  of  this  communication  is  to 
describe  two  alternate  methods  of  pre¬ 
paring  bis  (2,6-dimethylpyridine )  silver 
(I)  nitrate  and  report  some  observations 
on  its  thermal  stability. 

Experimental 

Reagent  grade  silver  nitrate  (5.1  g, 
0.030  mole)  was  treated  with  10  ml  of 
Eastman  White  Label  2,6-dimethylpyri¬ 
dine  (9.4  g,  0.088  mole).  The  reaction 
does  not  start  immediately  at  room  tem¬ 
perature  but  begins  when  the  mixture 
is  heated  to  50-60 °C.  The  silver  nitrate 
crystals  wet  by  the  amine  have  a  translu¬ 
cent  appearance.  As  the  reaction  begins, 


the  crytals  swell  very  rapidly  and  take 
on  a  white  opaque  appearance.  The  mix¬ 
ture  becomes  quite  warm  and  the  entire 
mass  appears  solid.  The  fluffy  white 
product  was  washed  several  times  with 
benzene  and  dried  by  warming  in  air. 
The  dried  product  melts  at  202-204°C. 
Calculated  for  AgN03*2C7H9N:  Ag,  28- 
.08%;  C, 43.76%;  H,  4.69%;  N,  10.93%. 
Found:  Ag,  28.17%;  C,  43.57%;  H. 
4.68%;  N,  10.56%. 

In  the  second  method,  5  ml  of  2,6-di¬ 
methylpyridine  (4.7  g,  0.044  mole)  was 
added  dropwise  to  a  well-stirred  solution 
of  2.55  g  of  silver  nitrate  (0.015  mole)  in 
50  ml  of  water.  After  all  the  amine  was 
added,  the  foamy  white  suspension  was 
stirred  for  about  15  min  and  filtered. 
The  product  was  washed  several  times 
with  cold  water  followed  by  acetone  and 
air  dried.  The  product  melts  at  202- 
204°C.  Found:  Ag,  27.90%;  C,  43.50%; 
H,  4.68%;  N,  10.21%. 

Thermal  stability  studies  were  made 
by  heating  several  individual  samples  in 
an  oil  bath  at  130  ±  0.2°C.  Samples 
heated  for  long  periods  of  time  were 
heated  in  an  oven  at  130  ±  2°C. 


Discussion 

Bis  (2,6-dimethylpyridine)  silver  (I)  ni¬ 
trate  can  be  prepared  easily  and  rapidly 
by  either  of  the  methods  described.  Since 
this  compound  is  somewhat  soluble  in 
water,  the  first  method  is  particularly 
useful.  As  previously  reported  (Peard 
and  Pflaum,  1958),  the  compound  is 
slightly  soluble  in  cold  water  and  is 
appreciably  soluble  in  hot  water.  Both 
of  these  methods  should  be  applicable  to 
the  preparation  of  other  silver  amine 
complexes  as  well. 

Peard  and  Pflaum  (1958)  reported  a 
melting  point  of  141-151°  for  the  silver 
complex.  This  rather  broad  range  in¬ 
dicates  either  gradual  decomposition  or 
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an  impure  compound.  An  elemental 
analysis  for  the  complex  was  not  given 
in  their  report.  The  analysis  of  the 
compounds  prepared  by  the  above  meth¬ 
ods  indicates  a  relatively  high  purity, 
and  this  is  reflected  in  the  much  higher 
melting  point  and  the  much  narrower 
melting  range  than  obtained  previously 
(Peard  and  Pflaum,  1958).  Peard  and 
Pflaum  reported  that  the  compound 
melted  without  decomposition.  Other 
complexes  of  this  ligand  do  not  behave 
in  this  way  (Allen,  et.  al.,  1964,  1965). 
Stability  studies  carried  out  by  heating 
the  silver  complex  at  130°  show  that 
this  compound  eventually  lost  weight 
corresponding  to  complete  loss  of  the 
2,6-dimethylpyridine.  Figure  1  shows 


Figure  1.  Weight  loss  of  bis  (2,6-di¬ 
methylpyridine)  silver  (I)  nitrate  heated 
at  130°C. 


the  weight  loss  curve  for  the  complex 
heated  at  130°.  Continued  heating  pro¬ 
duced  no  additional  weight  loss.  Samples 
of  bis  (2,6-dimethylpyridine)  silver  (I)  ni¬ 
trate  prepared  by  either  method  behaved 
similarly.  A  sample  of  silver  nitrate 
heated  for  the  same  time  lost  less  than 
0.5%  of  its  weight.  It  is  apparent  from 
these  observations  that  bis  (2,6-dimethyl¬ 


pyridine)  silver  (I)  nitrate  not  only  does 
not  melt  without  decomposition,  but  that 
it  can  be  completely  decomposed  into  the 
amine  and  silver  nitrate  at  temperatures 
as  low  as  130°.  This  is  similar  to  the 
behavior  of  other  complexes  of  this 
ligand  (Allen,  et.  al.,  1964,  1965).  The 
compound  also  darkens  slowly  when  ex¬ 
posed  to  light  in  contrast  to  previous 
information  (Peard  and  Pflaum,  1958). 
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LYTIC  PHENOMENA  IN  THERMOACTINOMYCES 

VULGARIS 


M.  J.  KUO 

Western  Illinois  University,  Macomb,  Illinois 


Abstract.  —  Three  types  of  lysis  were 
observed  with  Thermoactinomyces  vul¬ 
garis  cultures  grown  in  the  solid  media. 
Characteristics  of  colony  lysis  was  de¬ 
scribed. 


Lysis  in  bacteria  are  of  both  practical 
and  academic  interest.  During  studies 
on  amylase  production  by  Thermoactino¬ 
myces  vulgaris  strain  5,  three  types  of 
lysis  were  noted  on  surface-inoculated 
N-Z  case  starch  agar  plates  (Kuo  & 
Hartman,  1966)  incubated  at  55  C.  Since 
plates  of  T.  vulgaris  were  used  as  inocula 
for  subsequent  fermentations,  lysis  of 
the  hyphae  and  spores  presented  a 
serious  problem.  Similar  difficulties  may 
be  encountered  by  other  workers  en¬ 
gaged  in  enumeration  or  use  of  thermo¬ 
philic  actinomycetes.  On  the  other  hand, 
strain  5  might  be  extremely  useful  for 
the  study  of  lytic  phenomena.  For  these 
reasons,  a  culture  has  been  deposited  in 
the  collection  of  the  Northern  Utilization 
and  Development  Division,  A.R.S., 
U.S.D.A.,  Peoria,  Illinois  as  strain  NRRL 
B-3196,  and  an  account  of  the  lytic  phe¬ 
nomena  observed  is  reported  here. 

In  the  first  type  of  lysis,  the  aerial 
mycelia  which  developed  on  the  surface 
of  the  agar  lysed  rapidly  and  uniformly 
over  the  entire  plate.  No  aerial  mycelia 
remained  24  hr  after  inoculation.  Fur¬ 
ther  incubation  of  the  culture  did  not 
result  in  outgrowth  of  resistant  colonies. 
This  type  of  lysis  was  most  commonly 
observed  when  an  old  culture  was  used 
as  an  inoculum,  but  sometimes  occur¬ 
red  when  a  48-hr  culture  was  used 
instead. 

The  second  type  of  lytic  phenomena 
was  marked  by  lysis  of  the  aerial  my¬ 
celia  only  at  the  central  portion  of  the 
colony;  mycelia  at  the  exterior  portions 
remained  unaffected.  One  or  more  pin¬ 
point  areas  of  growth  often  remained 
at  the  very  center  of  the  colony,  sur¬ 
rounded  by  a  circular  zone  of  lysis, 


which  in  turn  was  circumscribed  by 
aerial  mycelia  (Fig.  1).  This  kind  of 
lysis  could  be  clearly  demonstrated  when 
colonies  were  discrete.  Lysis  usually  be¬ 
gan  after  incubation  for  two  days  or 
longer. 

The  third  type  of  lysis  was  plaque 
formation  on  heavily  inoculated  plates. 
Small  (0.1  to  0.8  mm  dia.),  circular  iso¬ 
lated  plaques  became  visible  after  24 
to  36  hr  of  incubation;  the  entire  lawn 
of  mycelia  was  never  completely  lysed. 
The  size  and  plaque  characteristics 
closely  resembled  those  described  by 
Welsch  (1959)  and  Agre  (1961). 

The  cause  of  lysis  of  types  1  and  2, 
described  above,  was  not  determined; 
however,  the  process  appeared  different 
from  the  auto-inhibition  processes  de¬ 
scribed  for  T.  vulgaris  by  Locci  (1963). 


Figure  1.  —  Type  2  lysis  in  Thermo¬ 
actinomyces  vulgaris  grown  in  N-Z  case 
starch  agar  medium.  The  culture  was 
incubated  at  55  C  for  48  hours.  L-KI  so¬ 
lution  was  applied  onto  the  culture  plate 
which  showed  the  zone  of  starch  hydroly¬ 
sis  around  the  T.  vulgaris  colonies.  Cen¬ 
ters  of  the  colonies  were  lysed  and  later, 
mutant  cells  which  were  resistant  to 
the  actions  of  lytic  factors  developed, 
giving  rise  to  minute  colonies  at  the 
center  of  the  lysed  regions. 
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INEXPENSIVE  CHEMICAL  INSTRUMENTATION: 
STUDENT  VOLTAMMETERS 


DAVID  M.  COLEMAN  and  R.  E.  VAN  ATTA 
Department  of  Chemistry 
Southern  Illinois  University ,  Carbondale 


Abstract.  —  Instructions  for  construc¬ 
tion  and  operation  of  inexpensive  polaro- 
grahic  measuring  devices  are  presented. 
These  simple  and  sturdy  devices  yield 
polarographic  data  in  good  agreement 
with  those  obtained  from  automatic  re¬ 
cording  commercial  instruments.  Three 
models  are  presented,  varying  with  re¬ 
spect  to  cost  and  ultimate  capability. 


The  objectives  described  in  the  first 
article  of  this  series  (Van  Atta,  Linnen- 
bom,  and  Coleman,  1967)  have  been  ap¬ 
plied  to  the  design,  construction,  and 
testing  of  various  types  of  polarographic 
apparatus.  For  purposes  of  identification 
in  the  author’s  laboratory,  all  the  instru¬ 
ments  presented  in  these  articles  have 
been  given  the  general  name  “Valeo”, 
with  attendant  model  designations  where 
necessary.  Three  polarographic  devices 
are  described  in  this  article:  (1)  a  po¬ 
tentiometer  polarographic  accessory,  (2) 
a  dual-range  voltammeter  (Valeo  V), 
and  (3)  a  multi-range  voltammeter 
(Valeo  VI).  All  employ  the  Valeo  poten¬ 
tiometer  described  in  the  earlier  article 
in  some  phase  of  their  operation. 

Materials 

Lists  of  electrical  and  other  compon¬ 
ents  required  for  construction  of  the 
three  devices  are  given  in  Tables  1,  2, 
and  3.  The  prices  shown  are  those  for 
single-item  purchase  at  price  levels  cur¬ 
rent  at  the  time  of  writing;  quantity 
purchases  of  some  items  may  result  in 
substantial  reduction  of  total  costs.  Al¬ 
though  all  components  listed  were  ob¬ 
tained  from  Allied  Electronics  Corpora¬ 
tion,  100  North  Western  Avenue,  Chi¬ 
cago,  Illinois,  equivalent  components  are 
available  from  a  variety  of  other  com¬ 
mercial  electrical  and  electronic  supply 


houses.  Interested  individuals  should 
contact  the  various  surplus  agencies  in 
their  vicinity — many  high-quality  elec¬ 
trical  components,  such  as  helipots, 
meters,  etc.,  may  be  obtained  through 
such  agencies  at  a  small  fraction  of 
their  commercial  cost. 

Commercial  equipment  employed  in 
testing  the  polarographic  devices  includ¬ 
ed  a  modified  Sargent  polarographic  H- 
cell,  Cat.  No.  S-29401,  mounted  on  a 
polarographic  accessory  stand  of  the 
authors’  own  design,  a  Sargent  Model 
XV  Pen-Recording  Polarograph,  and  a 
Leeds  and  Northrup  Electrochemograph, 
Type  E.  A  Heathkit  IN-11  decade  resist¬ 
ance  box  was  used  in  conjunction  with 
the  Valeo  potentiometer  for  determining 
the  internal  resistance  of  microam¬ 
meters. 

Construction  tools  required  include 
screwdriver,  appropriate  pliers,  a  small 
adjustable  wrench,  100-watt  soldering 
iron  and  rosin-core  solder,  appropriate 
drills,  and  hole  cutter  or  nibbling  tool; 
a  ^-inch  chassis  punch  is  a  convenient 
tool  if  several  instruments  are  to  be 
constructed. 


Construction  Details 

Potentiometer  Polarographic  Acces¬ 
sory.  —  A  very  simple  and  quite  inexpen¬ 
sive  device  can  be  employed  to  convert 
an  ordinary  voltage  measuring  poten¬ 
tiometer  into  a  polarographic  current 
measuring  instrument.  The  schematic 
circuit,  adapted  from  Lingane  (1949,  p. 
47),  is  shown  in  Figure  1,  a  list  of  com¬ 
ponent  parts  and  costs  in  Table  1,  and 
an  interior  view  of  the  device  in  Figure 
2.  The  circuit  employs  the  potentiometer 
to  measure  directly  the  output  furnished 
to  the  polarographic  cell  by  the  voltage 
divider,  as  well  as  to  determine  the 
polarographic  current  by  measuring  the 
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Table  1. — Potentiometer  Polarographic  Accessory  Components. 


Quantity 

Required 

Description 

^  Allied 
Electronics 
Stock  Number 

Price 

1 

CONTROL,  Mallory  Type  U-l  Midgetrol,  100  ohms, 

linear  taper . 

46  D  3714 

31.02 

1 

SWITCH,  slide,  SPST,  Continental-Wirt  Type  G124.  .  . 

56  D  5034 

0.32 

1 

SWITCH,  slide,  DPDT,  Continental-Wirt  Type  G126.  . 

56  D  4424 

0.40 

1 

RESISTOR,  precision,  Dale  RS-2A,  2-watt,  10K  ohms 

+  1% . 

45  D  6834C 

0.86 

2 

BATTERIES,  mercury,  1.35-volt,  Mallory  Type  RM12R 

18  D  5929 

2.10 

1 

HOLDER,  battery,  Keystone  Type  140 . 

18  D  5902 

0.38 

1 

KNOB,  Harry  Davies  Type  1600 . 

47  D  4127 

0.15 

1 

MINIBOX,  Bud  Type  CU-3003A,  4x2^x  2}4,  alumi- 

num . 

42  D  7637 

0.80 

4 

JACKS,  banana  (2  red,  2  black),  H.  H.  Smith  Type  1509. 

47  D  3941 

0.48 

47  D  3942 

MISCELLANEOUS:  hook-up  wire,  etc . 

0.05 

TOTAL . 

36.56 

voltage  drop  across  a  10,000-ohm  preci¬ 
sion  resistor,  accomplished  by  connect¬ 
ing  the  potentiometer  to  the  center  ter¬ 
minals  of  a  DPDT  switch,  one  side  of 
which  connects  directly  with  the  voltage 
divider  and  the  other  across  the  measur¬ 
ing  resistor,  as  shown. 

In  operation,  one  first  adjusts  the  po¬ 
tential  applied  to  the  polarographic  cell 


Figure  1. — Schematic  wiring  diagram 
for  potentiometer  polarographic  acces¬ 
sory. 


by  means  of  the  100-ohm  control  of  the 
voltage  divider.  Next,  the  exact  output, 
in  volts,  of  the  divider  is  determined 
with  the  DPDT  switch  in  position  “E”. 
Finally  the  polarographic  current  is  mea¬ 
sured  with  the  switch  in  position  “I” 
(the  actual  current,  in  microamperes ,  is 
equal  to  the  potential  measured,  in  volts, 
multiplied  by  106  divided  by  10,000,  or 
i  =  100  *  E  (Potentiometer)  •  The  observ¬ 
ed  current  is  then  plotted  as  a  function 
of  the  applied  potential  in  the  conven¬ 
tional  manner  for  polarographic  mea¬ 
surements.  The  potential .  actually  ap¬ 
plied  to  the  polarographic  cell  is  equal 
to  the  measured  value  diminished  by  the 


Figure  2.  —  Interior  view  of  completed 
potentiometer  polarographic  accessory. 
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voltage  drop  throughout  the  circuit,  or 

E  (Corrected) =  E  (Applied) 

(Potentiometer)  +  iR  (Solution)] 

The  iR  drop  correction  term,  enclosed 
in  brackets,  should  be  taken  into  con¬ 
sideration  whenever  accurate  half-wave 
potential  measurement  is  necessary. 

This  simple  device  has  the  virtues  of 
very  low  cost  and  reasonable  accuracy 
(current  measurements  are  ±0.1  mi¬ 
croampere),  but  the  distinct  disadvant¬ 
age  of  being  tedious  in  operation  due  to 
the  two  measurements  required  at  each 
applied  potential  setting.  The  devices 
subsequently  presented,  although  more 
expensive,  are  much  more  convenient 
and  versatile  in  operation. 

Dual-Range  Voltammeter.  —  Figures 
3  and  4  and  Table  2  show  schematic 
circuit,  completed  device,  and  compo¬ 
nent  parts  of  the  Valeo  V  dual-range 
voltammeter,  respectively.  A  10-turn 
helipot  with  1000-unit  dial  is  employed 
in  this  instrument  to  permit  convenient 
changing  of  the  applied  potential,  while 
requiring  the  overall  bridge  voltage  to  be 
measured  only  once,  at  the  beginning  of 


Figure  3.  —  Schematic  wiring  diagram 
for  dual-range  voltammeter.  Multiplier 
shunt  (787  ohm)  and  iR  correction  (2550 
ohm)  resistances  calculated  for  micro¬ 
ammeter  with  internal  resistance  3180 
ohms. 


Table  2. — Dual-Range  Voltammeter  Components. 


Quantity 

Required 

Description 

Allied 
Electronics 
Stock  Number 

Price 

1 

MICROPOT,  100-ohm,  Amphenol-Borg  Model  2 1 5 1 B, 

10-turn,  +0.25%  linearity . 

46  D  3510 

£10.00 

1 

MICRODIAL,  10-turn,  Amphenol-Borg  Series  1320,  for 

micropot . 

46  D  3696 

5.82 

1 

MICROAMMETER,  0-25  microamperes  DC,  Simpson 

Model  29,  4^-inch . 

52  D  7444 

25.00 

1 

CONTROL,  Mallory  Type  U-2  Midgetrol,  500-ohms, 

• 

linear  taper . 

46  D  3709 

1.02 

3 

SWITCHES,  toggle,  DPDT,  Cutler-Hammer  Type  7592 

K  6 . 

56  D  4690 

2.43 

1 

SWITCH,  toggle,  SPST,  Cutler-Hammer  Type  7580  K  6 . 

56  D  4641 

0.50 

2 

BATTERIES,  mercury,  1. 35-volt  Mallory  Type  RM12R. 

18  D  5929 

2.10 

1 

HOLDER,  battery,  Keystone  Type  140 . 

18  D  5902 

0.38 

6 

JACKS,  banana  (3  red,  3  black),  H.  H.  Smith  Type  1509 . 

47  D  3941 

0.72 

47  D  3942 

1 

KNOB,  Harry  Davies  Type  1600 . 

47  D  4127 

0.15 

2 

RESISTORS,  precision,  IRC  1%,  J^-watt,  (specific  val- 

ues  determined  by  internal  resistance  of  microam- 

meter) . 

45  D  5018C 

1.08 

1 

CABINET,  sloping-panel,  7-inch,  aluminum,  Universal 

Type  AC-1613 . 

42  D  8649 

2.30 

MISCELLANEOUS:  hook-up  wire,  etc . 

0.20 

TOTAL . 

351.70 

Notes  319 


Figure  4.  —  Dual-range  voltammeter. 


operations,  with  a  potentiometer.  Cur¬ 
rent  measurements  are  read  directly  on 
the  microammeter  with  the  appropriate 
multiplier  factor.  A  reversing  switch 
permits  both  cathodic  and  anodic  cur¬ 
rents  to  be  measured,  while  a  cell  po¬ 
larity  switch  permits  the  polarity  at  the 
cell  electrodes  to  be  reversed,  as  de¬ 
sired.  Provision  for  capacitance  damp¬ 
ing  (Meites,  1965,  p.  10)  is  made  by 
means  of  the  terminals  in  parallel  across 
the  microammeter. 

Multi-Range  Voltammeter.  —  A  some¬ 
what  more  sophisticated  voltammeter  is 
the  multi-range,  direct-voltage-indicating 
Valeo  VI,  shown  in  Figure  5.  This  in¬ 
strument  is  essentially  identical  to  the 
model  V,  except  for  the  addition  of  an 
integral  Bridge  EMF  voltmeter  across 
the  Bridge  EMF  output  and  the  employ¬ 
ment  of  a  4-range  multiplier  function 
switch  and  meter  circuit  (Figure  6). 
The  model  VI  is  far  more  convenient  and 
versatile  than  either  of  the  two  pre¬ 
viously  described  devices,  particularly 


Figure  5.  —  Multi-range  voltammeter. 


Figure  6.  —  Multiplier  switch  and 
meter  circuit  for  multi-range  voltam¬ 
meter.  Multiplier  shunt  (left  side  of 
multiplier  switch)  and  iR  correction  re¬ 
sistances  calculated  for  microammeter 
with  internal  resistance  2700  ohms. 


with  respect  to  its  application  to  ampero- 
metric  titrations,  where  Bridge  EMF 
settings  (as  directly  indicated  by  the 
integral  voltmeter)  are  sufficiently  ac¬ 
curate  so  that  external  potentiometric 
evaluation  of  Bridge  EMF  is  not  neces¬ 
sary.  The  additional  current  ranges  also 
permit  operation  with  substantially 
larger  concentrations  of  electroactive 
species  than  is  possible  with  the  model 
V ;  even  more  ranges  may  be  added  at 
the  discretion  of  the  builder. 

Measurement  of  Microammeter  Resist¬ 
ance.  —  If  the  dual-  or  multi-range  fea¬ 
ture  of  the  previously  discussed  circuits 
shown  in  Figures  3  and  6  is  to  be  em¬ 
ployed,  it  is  necessary  to  know  the  in¬ 
ternal  resistance  of  the  microammeter 
in  order  that  the  total  resistance  of  the 
current-measuring  circuit  may  be  kept 
constant  (for  iR  drop  calculations) 
whenever  the  multiplier  setting  is 
changed.  Inasmuch  as  the  internal  resist¬ 
ances  of  the  quality  of  microammeters 
used  in  these  devices  vary  from  meter 
to  meter,  it  is  absolutely  necessary  that 
such  resistances  be  measured  with  some 
accuracy.  This  cannot  be  done  with  an 
ordinary  ohmmeter  or  resistance  bridge 
because  of  possible  damage  to  the  meter 
coil  or  pointer.  However,  a  simple  cir¬ 
cuit  which  permits  safe  measurement 
of  microammeter  internal  resistances 
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Table  3. — Multi-Range  Voltammeter  Components. 


Quantity 

Required 

Description 

Allied 
Electronics 
Stock  Number 

Price 

1 

MICROPOT,  100-ohm,  Amphenol-Borg  Model  215 IB, 

10-turn,  +0.25%  linearity . 

46  D  3510 

£10.00 

1 

MICRODIAL,  10-turn,  Amphenol-Borg  Series  1320,  for 

micropot . 

46  D  3696 

5.82 

1 

MICROAMMETER,  0-25  microamperes  DC,  Simpson 

Model  29,  4^-inch . 

52  D  7444 

25.00 

1 

VOLTMETER,  0-3  volts  DC,  Simpson  Model  29,  4^- 

inch . 

52  D  7415 

16.35 

1 

CONTROL,  Mallory  Type  U-2  Midgetrol,  500-ohms, 

linear  taper . 

46  D  3709 

1.02 

2 

SWITCHES,  toggle,  DPDT,  Cutler-Hammer  Type  7592 

K  6 . 

56  D  4690 

1.62 

2 

SWITCHES,  toggle,  SPST,  Cutler-Hammer  Type  7580 

K  6 . 

56  D  4641 

1.00 

1 

SWITCH,  rotary,  non-shorting,  3-pole,  4-position,  Mai- 

lory  Type  3234  J,  with  knob . 

56  D  4355 

1.05 

2 

BATTERIES,  mercury,  1. 35-volt,  Mallory  Type  RM12R 

18  D  5929 

2.10 

1 

HOLDER,  battery,  Keystone  Type  140 . 

18  D  5902 

0.38 

6 

JACKS,  banana  (3  red,  3  black),  H.  H.  Smith  Type  1509 . 

47  D  3941 

0.72 

47  D  3942 

1 

KNOB,  Harry  Davies  Type  2300 . 

47  D  4172 

0.10 

6 

RESISTORS,  precision,  IRC  1%,  J^-watt,  (specific  val- 

ues  determined  by  internal  resistance  of  microam- 

meter) . 

45  D  5018C 

3.24 

1 

CABINET,  sloping-panel,  Bud  Type  C-1586,  6J^  x 

11-1/16x7-5/16 . 

42  D  7468C 

4.55 

MISCELLANEOUS:  hook-up  wire,  etc . 

0.25 

TOTAL . 

£73.20 

is  shown  in  Figure  7.  This  circuit 
is  a  simplified  version  of  that  described 
by  Malmstadt,  Enke  and  Toren  (1962, 
p.  12).  The  experimental  procedure  is: 

(1)  measure  the  exact  output  voltage, 
Eb,  of  the  battery  with  a  potentiometer; 

(2)  connect  the  meter  into  the  circuit 
as  shown,  using  a  decade  precision  re¬ 
sistance  box  as  Rs;  (3)  record  the  value 
of  Rs  required  to  produce  a  microam¬ 
meter  pointer  deflection  within  1%  of 
full  scale;  (4)  measure  the  potential 
(Ep)  across  Rs  with  the  potentiometer. 
The  calculations  required  are  also  shown 
in  Figure  7.  It  should  be  re-emphasized 
that  in  order  for  constant  iR  drop  cor¬ 
rection  factors  to  be  employed  in  mea¬ 
suring  half-wave  potentials,  the  sum  of 
the  resistance  of  the  network  involving 
the  meter,  multiplier  shunt  resistance 
and  series  iR  drop  correction  resistor 
must  be  maintained  constant,  regardless 
of  the  position  of  the  multiplier  function 


switch.  Subsequent  to  the  meter  resist¬ 
ance  evaluation  previously  described, 
conventional  network  resistance  calcu¬ 
lations  are  required  to  determine  the 
proper  values  for  the  series  and  parallel 
precision  resistors  in  the  meter  circuit. 

Performance  and  Applications 

Typical  performance  of  the  Valeo  V  is 
illustrated  by  Figure  8,  compared  with 
that  of  a  Sargent  Model  XV  Pen-Record¬ 
ing  Polarograph.  The  agreement  be¬ 
tween  the  plotted  points  for  Valeo  V 
measurements  and  the  maxima  of  the 
automatically  recorded  curve  demon¬ 
strates  the  capability  of  the  device  with 
respect  to  current  measurement,  while 
the  accuracy  of  voltage  measurements  is 
indicated  by  the  location  of  the  trian¬ 
gular  corrected  half-wave  potential 
points.  Equivalent  performance  was  ob¬ 
tained  for  the  multi-range  model  VI; 


Notes 


321 


To  Po  fen  f  to  meter 


AEm  -  EB-Ep 

rm  =  1t/&em 

Figure  7.  —  Measurement  of  internal 
resistance  of  microammeter. 


comparison  with  results  obtained  for  the 
same  test  solution  with  a  Leeds  and 
Northrup  Electrochemograph,  Type  E.  is 
equivalent  to  that  shown.  The  potentio¬ 
meter  polarographic  accessory  performs 
equally  well,  except  for  the  somewhat 
larger  iR  drop  due  to  the  size  of  the 
meauring  resistor  and  the  less  conven¬ 
ient  operation  previously  mentioned. 

The  devices  here  described  are  suitable 
for  all  types  of  conventional  DC  polaro¬ 
graphic  measurements,  with  the  model 
VI  being  particularly  well-suited  for  use 
in  amperometric  titrations.  The  cir¬ 
cuitry,  in  each  case,  is  relatively  simple 
and  easily  traced  for  instructional  ap¬ 
plications;  the  complementary  use  of  a 
potentiometer  is  necessary  with  all  three 
devices  if  potential  measurements  to 
within  1  or  2  millivolts  are  required. 
Several  prototype  models  of  these  in¬ 
struments  have  been  used  successfully 
by  students  in  the  authors’  laboratory 
for  several  months. 
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AN  AID  FOR  DRAWING  SMALL  OBJECTS 


EDWIN  C.  GALBREATH 
Southern  Illinois  University ,  Carbondale 


Abstract.  —  An  inexpensive  and  easily 
constructed  device  for  accurately  draw¬ 
ing  small  objects  is  described. 


Making  scientific  drawings  of  small, 
irregular-shaped  objects  at  a  scale  suit¬ 
able  for  reproduction  in  print  or  for 
other  purposes  can  be  achieved  in  many 
ways.  The  device  (Fig.  1)  described 
here  has  the  merit  of  costing  very  little 
and  being  easy  to  build.  This  drawing 
aid  was  “invented”  by  me  some  fifteen 
years  ago  and  has  served  admirably  to 
obtain  enlarged  outline  figures  in  proper 
proportions.  The  device  is,  essentially. 


Figure  1.  —  Illustrations  of  (A,  top) 
the  assembled  drawing  aid,  (B.  lower 
left)  details  of  the  corner  post,  (C,  lower 
center)  perpendicular  view  through  the 
block  and  grid,  and  (D,  lower  right)  an 
incorrect  or  non-perpendicular  view 
through  the  block  and  grid. 


a  copying  grid  that  utilizes  the  refrac¬ 
tory  property  of  a  transparent  cylindri¬ 
cal  block  to  determine  the  perpendicular 
viewing  point  so  necessary  in  making  a 
scientific  drawing. 

The  materials  needed  to  construct  this 
drawing  aid  are:  three  pieces  of  one- 
eighth  inch  thick,  polished,  transparent 
plastic,  three  by  four  inches  long  and 
wide;  four  one-inch  long  sections  of 
heavy  brass  tubing;  four  brass  rods  of  a 
size  to  fit  snugly  in  the  brass  tubes  and 
long  enough  to  equal  the  length  of  a 
brass  tube  and  three  thicknesses  of  plas¬ 
tic  (Fig.  IB) ;  and  a  block  of  plastic  rod 
one  inch  in  diameter  and  one-half  inch 
deep.  The  dimensions  of  all  these  parts 
may  be  altered  to  suit  the  preference  of 
the  user. 

To  prepare  these  parts  drill  holes, 
equal  to  the  diameter  of  the  brass  rods, 
in  the  four  corners  of  the  plastic  sheets. 
I  recommend  clamping  the  plastic  sheets 
together  while  drilling  the  holes  in  order 
to  gain  perfect  alignment  of  the  holes. 
Make  the  grid  on  one  of  the  plastic 
sheets  by  incising  the  lines  with  a  sharp 
instrument  and  filling  the  grooves  with 
india  ink.  I  have  found  that  a  grid  of 
1.5  to  2.0  mm  squares  to  be  quite  satis¬ 
factory.  It  is  also  convenient  to  have  the 
two  center  lines  of  the  grid  heavier. 
The  squares  may  be  numbered  from  the 
center  outward  in  the  four  directions. 
Grind  and  polish  the  block  of  plastic 
rod  until  the  two  sides  are  parallel  and 
transparent. 

Assemble  the  parts  as  shown  in  Figure 
1.  Putting  two  of  the  plastic  sheets  at 
the  bottom  of  the  device  give  added  sup¬ 
port  to  the  corner  posts.  Having  two 
one-eighth  inch  thick  plastic  sheets  for 
the  base  rather  than  a  single  quarter- 
inch  sheet  enables  one  to  have  grids  of 
different  sizes,  if  desired. 

If  some  of  the  readers  are  unacquaint¬ 
ed  with  the  art  of  preparing  a  drawing 
by  using  a  grid,  may  I  state  that  one 
merely  copies,  square  by  square,  what 
is  seen  in  each  square  of  the  grid  onto  a 
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large  sheet  of  square  ruled  paper.  In 
order  to  have  perfect  proportions,  simi¬ 
lar  to  those  required  in  an  engineering 
drawing,  it  is  necessary  that  the  ob¬ 
server’s  viewing  point  be  perpendicular 
to  the  part  of  the  object  being  copied. 
Figure  1C  shows  the  straight  and  match¬ 
ed  alignment  of  the  grid  lines  outside 
and  inside  the  block  when  the  observer’s 


viewing  point  is  perpendicular  and  cor¬ 
rect.  Figure  ID  shows  the  resulting  dis¬ 
agreement  of  the  grid  lines  that  result 
from  looking  through  the  block  at  an 
angle.  Obviously,  therefore,  one  must 
keep  moving  the  block  as  the  squares  are 
copied  to  obtain  the  best  results. 

Manuscript  received  March  23,  196 7. 


THE  ABERRANTLY-PIGMENTED  GRAND  CANYON 
SALAMANDER,  PLETHODON  DORSALIS 


GORDON  R.  THUROW 
Western  Illinois  University,  Macomb 


Abstract.  —  A  second  pair  of  Pletho- 
don  dorsalis  with  greatly  reduced  irido- 
phore  pigment  is  recorded  from  the 
Grand  Canyon  in  southwestern  Illinois. 
The  significance  of  these  specimens  is 
discussed. 


Two  Plethodon  dorsalis  from  the 
Grand  Canyon,  Jackson  County,  south¬ 
western  Illinois,  were  reported  (Thurow, 
1957)  to  lack  one  of  the  three  normal 
skin  pigment  cells  —  the  white  or  irides¬ 
cent  iridophore.  This  cell  was  called  a 
guanophore  in  the  1957  paper  and  other 
salamander  literature,  but  Hertzler 
(1958)  points  out  that  guanine  has  not 
been  identified  from  these  cells  in  Pletho¬ 
don.  Twelve  and  a  half  years  after  the 
first  two  P.  dorsalis  were  collected,  I 
collected  two  more  at  the  same  locality, 
on  March  22,  1967.  These  newer  speci¬ 
mens  also  seemed  to  show  a  complete 
lack  of  iridophores.  Both  animals  were 
juveniles  (hatched  late  the  previous 
summer),  but  comparisons  with  my 
photographs  and  notes  for  other  juve¬ 
niles  of  this  species  confirmed  that  some 
iridophore  pigment  would  be  expected 
normally,  at  least  ventrolaterally.  The 
finding  of  four  iridophoreless  animals 
from  this  locality  over  this  time  span 
would  favor  the  second  of  three  hypothe¬ 
ses  given  in  1957,  i.e.  that  the  whole  pop¬ 
ulation  is  aberrant,  with  at  least  a  high 
frequency  of  unusual  forms.  To  my 
knowledge,  no  other  P.  dorsalis  have 
been  taken  from  this  canyon.  Both 
Ozark  and  southwestern  Illinois  P. 
dorsalis  angusticlavius  average  a  less 
heavy  iridophore  pigmentation  than 
some  P.  d.  dorsalis,  which  suggests  that 
more  than  one  allele  is  involved.  The 
absence  of  iridophores  could  be  caused 
by  one  gene,  however,  which  either  pre¬ 
vents  the  differentiation  of  this  kind  of 
cell  or  interferes  with  its  pigment  syn¬ 
thesis. 


Two  careful  re-examinations  of  the 
two  1967  animals  at  7-30X  (plus  a  simi¬ 
larly-sized  P.  glutinosus  with  iridophores 
and  an  adult  Arkansas  P.  dorsalis)  gave 
a  surprising  result.  The  orange  dorsal 
stripes  of  the  two  juvenile  P.  dorsalis 
were  in  the  characteristically  reduced 
form  (most  similar  to  Figure  1-F  of 
Thurow,  1957),  and  iridophores  were  es¬ 
sentially  lacking  from  the  skin  and  eyes. 
However,  a  single  iridophore  cell  was 
found  midventrally  on  each  animal.  One 
cell  was  three  intercostal  spaces  anterior 
to  the  insertion  of  the  hindlimbs,  and 
the  iridophore  in  the  other  animal  lay 
just  one  space  further  craniad.  The  ani¬ 
mals  could  possibly  be  siblings  or  even 
identical  twins.  The  physiological  gen¬ 
etic  effect  would  not  seem  to  be  a  lack  of 
substrate  for  iridophore  pigment  syn¬ 
thesis  in  the  skin,  since  the  normal 
amount  of  pigment  seemed  present  in 
each  cell,  and  no  partially  pigmented 
cells  were  noted.  Similarly,  some  block 
to  iridophore  migration  seems  unlikely, 
since  in  each  animal  the  cell  has  mi¬ 
grated  as  far  as  possible  from  the  neural 
crest,  and  no  other  iridophores  were 
seen  near  the  neural  crest  area.  Rather, 
it  would  seem  that  there  is  interference 
with  iridophore  differentiation.  Lehman 
(1953)  indicates  that  the  time  of  am¬ 
phibian  guanophore  (iridophore)  differ¬ 
entiation  is  not  known,  but  cites  work 
indicating  that  the  time  may  be  before 
the  cells  have  migrated  away  from  the 
neural  crest.  His  work  in  two  other 
genera  indicates  that  the  number  of 
guanophores  which  produce  pigment  is 
influenced  by  the  properties  of  the  local 
areas  of  ectoderm  and  mesoderm.  The 
differentiation  of  a  single  cell  in  these 
two  P.  dorsalis  could  theoretically  be 
due  to  two  somatic  mutations,  but  I  see 
no  easy  explanation  for  the  parallel 
differentiation  of  a  single  iridophore 
which  appears  at  nearly  the  same  loca¬ 
tion  in  two  separate  animals. 
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A  population  which  develops  an  un¬ 
usual  allele  frequency  is  often  small 
and  isolated,  and  the  Grand  Canyon 
population  seems  to  possess  these  char¬ 
acteristics.  The  Mississippi  lowlands  at 
the  mouth  of  the  canyon  are  unfavorable 
as  a  habitat  for  Plethodon,  as  are  the 
sheer  dry  cliffs  which  form  the  canyon 
walls.  The  tributary  canyons  cut  through 
sandstone  strata  of  varying  resistance, 
and  many  overhangs  are  formed  which 
are  difficult  to  surmount  from  below. 
Only  one  salamander  species,  Eurycea 
longicauda,  was  found  in  these  tributary 
canyons,  in  1954  and  also  in  1967.  The 
presence  of  E.  Longicauda  all  along  these 
tributaries  can  be  partly  explained  by 
larval  dispersal.  Both  Plethodon  dorsalis 
and  P.  glutinosus  are  found  in  the  major 
canyon.  There  would  appear  to  be  no 
advantage  to  assigning  a  trinomial  to 
this  aberrantly-pigmented  form  of  P. 


dorsalis  as  long  as  it  is  recorded  from 
only  one  canyon  and  may  represent 
altered  allele  frequencies  at  only  one  or 
a  very  few  loci. 
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RICHARD  ROKSABRO  KUDO 


Richard  Rokusaburo  (orig.) 
Kudo,  born  in  Tokushima  Prefec¬ 
ture,  Japan,  on  July  25,  1886,  was 
the  last  son  of  Torakiclii  and  Moto 
Kudo.  After  graduation  from  the 
elementary  schools  of  the  district 
and  advanced  schooling  in  Kyoto 
and  Tokyo  he  enrolled  in  the  Uni¬ 
versity  of  Tokyo  which  awarded 
him  the  Doctor  of  Agricultural  Sci¬ 
ence  degree  in  1910  and  the  Doctor 
of  Science  in  1924. 

From  boyhood  he  showed  an  in¬ 
clination  toward  biology,  and  con¬ 
templated  it  as  his  life’s  work.  Two 
men  were  influential  in  his  decision 
to  specialize  in  the  study  of  the  pro¬ 
tozoa — Dr.  C.  Ishikawa,  who  worked 
for  several  years  in  the  German  lab¬ 
oratory  of  Dr.  August  Weismann, 
and  Dr.  Iv.  Toyama,  an  early  pi¬ 
oneer  in  research  on  the  diseases 
and  genetics  of  the  silkworm.  Thus, 
in  1909,  Dr.  Kudo  began  his  studies 
of  the  protozoa,  which  were  to  con¬ 
tinue  for  nearly  60  years. 

During  the  next  four  years  at  the 
University  of  Tokyo  he  studied  the 
life  cycle  of  Nosema  bombycis,  a 
microsporidian  parasite  of  the  silk¬ 
worm.  His  first  publication  came 
from  this  work  but,  more  impor¬ 
tantly  for  the  future  of  protozo¬ 
ology,  lie  was  also  invited  to  join  the 
staff  of  the  newly  established  In¬ 
stitute  of  Experimental  Sericulture 
in  Tokyo,  as  the  protozoologist. 

In  the  fall  of  1915  came  an  op¬ 
portunity  to  journey  first  to  the 
United  States  and  then  to  Europe. 


In  the  Columbia  University  labora¬ 
tories  of  Dr.  G.  N.  Calkins  and  Dr. 
E.  B.  Wilson  he  gained  experience 
in  biological  techniques  applicable 
to  the  protozoa.  Dr.  Hideyo  Nogu¬ 
chi  made  his  young  countryman  a 
Visiting  Investigator  at  the  Rock¬ 
efeller  Institute  for  Medical  Re¬ 
search. 

The  next  few  years  broadened  the 
scope  of  his  activities  as  he  con¬ 
tinued  studies  of  Nosema  (but  now 
in  tissue  culture)  with  Dr.  Noguchi, 
and  with  whom  he  also  investigated 
possible  relationships  between  flies, 
mosquitoes  and  poliomyelitis.  Ap¬ 
parently  it  was  during  the  summers 
of  1916  and  1917  at  the  Marine  Bi- 
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ological  Laboratory  at  Woods  Hole 
that  Dr.  Kudo’s  lifelong  interest  in 
the  myxosporidian  parasites  of  fishes 
became  firmly  defined  and  estab¬ 
lished. 

The  trip  to  the  United  States  may 
have  been  in  the  nature  of  an  ex¬ 
ploration  of  academic  opportunities ; 
lie  planned  to  proceed  to  Europe 
and  then  home  to  Japan. 

At  first  he  favored  Europe  but  a 
war  was  being  waged  there  and,  as 
he  once  noted,  “there  seemed  to  be 
very  little  academic  activities  in 
European  institutions.  ’  ’  However, 
the  real  reason  for  giving  up  the 
projected  European  trip  may  well 
have  been  his  friendship  with  a 
Swedish  girl  who  later  became  his 
wife.  Then  too,  President  James  of 
the  University  of  Illinois  extended 
an  invitation  to  join  the  staff  as  an 
Instructor  in  Zoology.  In  Septem¬ 
ber,  1918,  Richard  Kudo  made  Illi¬ 
nois  his  home,  a  residence  that  con¬ 
tinued  for  nearly  50  years  with  but 
one  break  of  five  years.  He  never  re¬ 
turned  to  Japan. 

At  Urbana,  he  progressed  through 
the  academic  ranks  —  Associate 
(1921-25),  Assistant  Professor 
(1925-36),  Associate  Professor 
(1936-44),  Professor  (1944-54),  and 
became  an  Emeritus  Professor  of 
Zoology  in  September,  1954.  In  later 
years  when  he  sat  on  boards  and 
committees  reviewing  the  records  of 
young  men  being  considered  for  ten¬ 
ure  or  promotion,  he  commented  on 
his  own  slow  rise  through  a  series 
of  ranks  now  partly  archaic.  It  re¬ 
quired  15  years  and  more  than  a 
dozen  top  -  quality  publications  to 
gain  for  him  an  Assistant  Profes¬ 
sorship,  a  rank  now  usually  offered 
for  the  first  position  after  the  doc¬ 


torate  is  received.  But  his  words 
were  not  complaints ;  he  was  simply 
emphasizing  that  youth  must  be  en¬ 
couraged  and  rewarded,  and  much 
more  rapidly  than  under  the  old 
system. 

Dr.  Kudo  was  invited  to  join  the 
staff  of  Dr.  S.  A.  Waksman,  Direc¬ 
tor  of  the  newly  established  Institute 
of  Microbiology  at  Rutgers  Univer¬ 
sity,  in  1954.  He  served  as  Visiting 
Investigator  (1954-55)  and  Visiting 
Professor  of  Protozoology  (1955- 
58).  In  June,  1958,  he  resigned  this 
position  to  become  Distinguished 
Visiting  Professor  of  Zoology  at 
Southern  Illinois  University  where 
he  continued  until  his  death  in  the 
evening  of  June  3,  1967. 

He  was  starred  in  the  7th  edition 
(1944)  of  American  Men  of  Science 
and  held  Honorary  Memberships  in 
Les  Amis  de  1  ’Institute  de  Biologie 
Applique,  Phi  Sigma,  and  the  So¬ 
ciety  of  Protozoologists  which  he 
served  as  President  in  1953.  He  was 
a  Fellow  of  the  American  Asso¬ 
ciation  for  the  Advancement  of  Sci¬ 
ence,  the  American  Academy  of  Mi¬ 
crobiology,  and  the  New  York  Aca¬ 
demy  of  Sciences.  He  was  a  Char¬ 
ter  Member  of  the  American  Society 
of  Parasitologists,  and  a  Member  of 
the  American  Society  of  Zoologists, 
the  American  Microscopical  Society, 
the  Society  of  Systematic  Zoology, 
and  the  Sigma  Ni. 

Protozoology  in  the  mid  1920 ’s 
was  usually  taught  to  a  few  grad¬ 
uate  students,  if  offered  at  all,  but 
in  1927,  Dr.  Kudo  began  an  exclu¬ 
sively  undergraduate  course.  Be¬ 
cause  there  was  no  suitable  textbook 
or  guide  for  the  study  of  protozoa 
he  prepared,  and  published  in  1931, 
his  famous  and  widely  used  ‘  ‘  Hand- 
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book  of  Protozoology,  ’  ’  now  in  its 
fifth  edition.  A  few  years  later  he 
began  courses  in  advanced  and  ex¬ 
perimental  protozoology.  During  the 
Second  World  War  he  taught 
courses  in  the  parasitic  protozoa  of 
man  to  officer  candidates  of  the  San¬ 
itary  Corps  of  the  United  States 
Army  and,  characteristically,  pre¬ 
pared  a  “Manual  of  human  proto¬ 
zoa,  with  special  reference  to  their 
detection  and  identification”  (1944) 
to  increase  the  effectiveness  of  his 
teaching. 

Some  measure  of  the  influence  of 
Dr.  Kudo  on  biology,  and  proto¬ 
zoology  especially,  may  be  obtained 
from  the  extent  of  his  instructional 
work.  More  than  600  juniors  and 
seniors  in  college  and  300  graduate 
students  received  instruction  in  his 
beginning  course  in  protozoology, 
and  some  250  graduate  students  took 
his  advanced,  experimental,  and  re¬ 
search  courses. 

The  following  persons  obtained 
Master’s  Degrees  under  his  gui¬ 
dance  :  Ann  Marie  Brosnahan,  Ber¬ 
nard  Berne,  Susan  L.  Cartwright, 
Leatrice  Chung,  Neva  N.  Gleason, 
Roma  A.  Gould,  Ben  Greenwood, 
Dorothy  N.  Jones,  William  C.  Mar- 
quardt,  Jr.,  Cliff  Melton,  Joann  E. 
Miller,  Sarosh  Mistry,  Lottie  Jane 
Owen,  Francis  Rebuffati,  Alice 
Richards,  Richard  N.  Rossan,  Laur¬ 
ence  E.  Rueff,  Irving  B.  Sachs,  Ber¬ 
nard  Seskind,  David  Shomay,  Reu¬ 
ben  Torch,  Murray  Wittner,  and 
Virginia  Yeatter. 

His  doctoral  students  included 
Paul  A.  Meglitsch,  C.  Leplie  Kanat- 
zer,  Victor  Sprague,  Edward  W. 
Daniels,  Robert  W.  Hull,  James  W. 
Barrett,  Reuben  Torch,  J.  Forbes 
McClellan,  Nelson  Cooley,  AVilliam 


C.  Marquardt,  Jr.,  David  Shomay, 
Irving  B.  Sachs,  Donald  MacLough- 
lin,  Sidney  Kantor,  and  Ayere  Yusa. 

From  1910  to  1945  his  primary 
research  interest  was  in  the  parasitic 
protozoa  of  insects  and  fishes,  al¬ 
though  the  host  animals  with  which 
he  worked  ranged  from  protozoa  to 
man.  His  papers  and  monographs 
of  this  period  (Myxosporidia,  1920, 
1934;  Microsporidia,  1924;  micro- 
sporidian  parasites  of  mosquitoes, 
1921-1930,  and  of  termites,  1938- 
1942)  are  indispensable  to  those 
studying  these  groups,  and  they  laid 
a  firm  base  for  future  research  on 
these  parasites  and  pests. 

Despite  his  tendency  to  work  in 
his  own  laboratory,  rather  than  at¬ 
tempt  investigations  far  from  home 
base,  he  was  not  averse  to  off-campus 
research  or  teaching.  The  summers 
of  1923  and  1924  were  spent  at  the 
Field  Station  for  Malaria  Research 
in  Leesburg,  Georgia,  where  he  con¬ 
ducted  intensive  field  studies  of  mi- 
crosporidian  parasites  of  mosquitoes. 
The  Illinois  Natural  History  Survey 
sponsored  his  survey  of  the  proto¬ 
zoan  diseases  of  Illinois  fishes  in  the 
summer  of  1930,  and  he  traveled  the 
state  from  Lake  Michigan  to  the 
Ohio  River.  In  the  summer  of  1936 
he  spent  three  months  investigating 
sporozoan  parasites  of  the  oyster  at 
the  U.  S.  Bureau  of  Fisheries  Sta¬ 
tion  at  Beaufort,  North  Carolina. 
The  summers  of  1938,  1939,  and  1941 
found  him  teaching  protozoology  to 
graduate  students  at  the  University 
of  Maryland’s  Chesapeake  Biologi¬ 
cal  Laboratory  at  Solomons  Island 
and,  of  course,  researching  parasitic 
and  free-living  protozoa  of  that  area. 

After  1945  he  devoted  a  great  deal 
of  effort  to  the  giant  amoebae  of  the 


332 


Transactions  Illinois  Academy  of  Science 


genus  Pelomyxa  for  lie  believed  that 
these  multinucleate  forms  might  pro¬ 
vide  an  answer  to  a  fundamental 
biological  question :  What  brings 
about  the  nuclear  and  cytoplasmic 
divisions  in  a  cell? 

In  the  later  phase  of  his  re¬ 
search  life,  although  the  interest  in 
Pelomyxa  remained,  he  became  con¬ 
cerned  with  the  “dated  nature”  of 
some  of  his  earlier  publications  and 
undertook  new  studies  to  begin  the 
process  of  bringing  them  up  to  date. 
At  the  same  time  he  was  collecting 
and  culturing  free-living  protozoa 
from  southern  Illinois,  sending  off 
for  recent  reprints  and  making  ar¬ 
rangements  for  translations  of  Rus¬ 
sian  papers.  He  was  greatly  dis¬ 
turbed  about  his  inability  to  read 
the  work  of  Russians ;  they  were 
“doing  so  much  with  my  animals.” 
And  he  wanted  to  include  more  of 
their  information  in  the  sixth  edi¬ 
tion  of  “Protozoology,”  which  he 
was  already  preparing  by  annotat¬ 
ing  a  work  copy  of  the  fifth  edition, 
and  in  his  current  monograph  on 
the  Myxosporidia.  This  latter  re¬ 
vision  was  well  along  at  the  time 
of  his  death— more  than  400  typed 
pages  of  manuscript,  many  plates 
of  figures,  and  a  host  of  packets  of 
hand-written  rough  drafts  of  addi¬ 
tional  chapters.  His  colleagues  will 
complete  it. 

He  was  at  work  on  this  monograph 
the  morning  of  the  day  he  entered 
the  hospital.  That  night  during 
visiting  hours  he  gave  me  explicit 
instructions  to  be  delivered  to  his 
typist  and  to  the  students  in  his 
weekly  protozoology  seminar,  but  in¬ 
structions  that  provided  only  for  the 
next  week.  “1 41  be  back  before 
then.”  Unfortunately,  it  was  not  to 


be  true,  and  he  lingered  on  a  month 
before  passing  away  in  Barnes  Hos¬ 
pital  in  St.  Louis,  Missouri. 

He  lived  beyond  the  allotted  four 
score  years,  and  they  were  years  full 
not  only  of  research  and  teaching 
but  of  living,  of  enjoyment  of  fam¬ 
ily  and  friends  and  his  favorite  hob¬ 
bies  of  photography,  baseball,  and 
fishing.  He  was  never  an  old  man ! 

His  favorites  in  professional  base¬ 
ball  were  the  New  York  Giants 
(later  San  Francisco),  and  he  was 
a  loyal  member  of  the  ball-playing 
assembly  of  staff  and  students  of 
the  University  of  Illinois  which  met 
regularly  on  Saturday  afternoons. 
At  a  Zoology  Department  picnic  just 
before  his  80tli  birthday  he  played 
softball,  although  he  did  permit  a 
substitute  base  runner.  He  walked 
with  a  spring  in  his  step  and  a  vital 
interest  in  world  affairs  and  espe¬ 
cially  in  his  colleagues  and  students. 
He  maintained  a  lively  correspond¬ 
ence  with  these  students  and  kept 
in  his  office  a  file  of  “progress” 
and  comments  on  every  student  he 
had  ever  taught,  in  class  or  other¬ 
wise. 

Professional  contacts  were  main¬ 
tained  by  correspondence  and  by 
auto  trips  with  his  devoted  wife  to 
meetings  as  far  away  as  Texas,  Ore¬ 
gon,  and  New  York.  Parts  of  the 
later  summers  of  his  life  were  spent 
with  camera  (taking  Kudochromes, 
as  he  put  it)  and  with  fly-rod  or 
spinning  rod  on  the  waters  of  the 
northeastern  states  and  Minnesota. 
Other  periods,  frequent  but  short, 
involved  happy  reunions  with  his 
daughters  and  grandchildren.  Even 
so,  he  spent  significant  portions  of 
each  summer  with  his  protozoa. 

He  was  a  sensitive  man,  a  man 
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finely  tuned  to  the  spoken  and  un¬ 
spoken  feelings  of  his  companions, 
and  susceptible  to  them.  Always  a 
gentleman  and  ever  courteous  even 
in  disagreement,  he  expected  others 
to  react  similarly.  He  was  disap¬ 
pointed  when  they  did  not;  his  dis¬ 
approval  lay  deep  inside  and  silent. 
Only  occasionally,  and  much  later, 
was  it  indicated  by  a  shake  of  the 
head  and  a  soft  my  my. 

Also  covered  by  the  affable,  some¬ 
what  inscrutable  exterior  was  a  rig¬ 
orously  disciplined  mind  and  body. 
This  was  of  course  evident  in  his 
academic  productivity,  but  it  also 
showed  up  in  his  personal  life.  He 
gave  up  smoking  when  he  was  more 
than  75  years  old,  and  never  did  he 
permit  extra  weight  to  accumulate. 

His  presence  commanded  respect. 
More  than  once  undergraduate  and 
graduate  students  remarked  that  Dr. 
Kudo,  with  his  devotion  to  people, 
to  teaching  and  to  research,  his 
clean,  shy  humor,  soft  speech,  quiet 
dress,  and  dignity,  was  their  idea  of 
a  Pull  Professor.  Yet,  these  very 
traits  sometimes  formed  a  silken  bar¬ 
ricade  which  his  students  and  col¬ 
leagues  did  not  always  penetrate. 
Many  of  his  long-time  associates 
never  used  his  first  name.  This  was 
not  because  of  any  lack  of  friendli¬ 
ness  on  either  side.  It  resulted,  I 
think,  because  we  did  not  wish  to 
demean  by  too  much  familiarity  his 
quiet  status  of  reserve  and  dignity. 
But  I  believe  he  often  wished  it 
were  otherwise. 

Not  many  persons,  especially  his 
professional  colleagues,  were  aware 
of  Dr.  Kudo’s  proficiency  in  art 
work.  They  may  have  known  that 
he  always  did  his  own  line-drawings 
for  scientific  illustration,  but  he  was 


accomplished  in  water  color  as  well. 
In  his  own  studies  he  often  used 
brush  and  paint  to  record  observa¬ 
tions  of  stained  materials  and  free- 
living  protozoa  in  his  cultures.  And 
many  of  his  publications,  particu¬ 
larly  those  of  his  early  years,  con¬ 
tain  exquisite  colored  plates. 

For  the  enjoyment  of  a  few  in¬ 
timates,  and  himself,  he  painted  car¬ 
toons.  He  made  one  of  these  for 
me  in  1961  and,  in  a  rare  moment, 
signed  it  “Richy.” 

Add  to  all  these  traits  the  uni¬ 
versal  ones  of  youth  and  set  the 
whole  in  a  strange  land.  Then  one 
can  begin  to  imagine  the  emotions 
and  doubts  of  the  young  Japanese 
scientist  upon  his  arrival  in  New 
York.  However,  he  soon  found  his 
niche  and  made  friends.  One  of 
these,  whom  he  first  met  in  1916 
through  her  sister  who  lived  at  the 
student  rooming  house  where  he 
boarded,  was  Miss  Esther  Swanson. 
She  became  his  wife  on  May  20, 
1918,  in  New  York.  To  this  long  and 
faithful  union  two  daughters  were 
born:  Elin  (now  Mrs.  Karl  Emch) 
in  1919  and  Jean  (now  Mrs.  Richard 
Pearce)  in  1932.  His  grandchildren 
were  five :  Martha,  Laurence,  and 
Frederick  —  from  Elin’s  marriage, 
and  from  Jean’s — Karin  and  Emily. 

Although  Dr.  Kudo  was  never 
one  to  intrude  his  personal  joys  or 
tribulations  upon  even  his  intimates, 
a  question  about  the  grandchildren 
brought  a  quick  warm  smile,  a 
chuckle,  and  a  story  or  two.  The 
feeling  was  mutual,  and  not  only 
with  grandchildren.  There  was,  it 
seemed,  some  intangible  bond  be¬ 
tween  children  and  the  quiet  gentle¬ 
man,  some  realization  of  the  dignity 
of  persons  of  all  ages. 
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Dr.  Richard  Roksabro  Kudo  by 
his  presence  and  achievements  set 
an  example  for  all  people.  We  miss 
his  presence  in  our  laboratories  and 
homes. 

Published  Contributions  of 
Richard  R.  Kudo 

1910  Investigations  on  Glugea'  bombycis 
Thelohan.  I.  On  its  development 
in  eggs  of  the  silk-worm.  Disser¬ 
tation,  Coll.  Agric.,  Tokyo  Imperial 
Univ.  (not  seen) 

1913  Eine  neue  Methode  die  Sporen  von 
Nosema  bombycis  Nageli  mit  ihren 
ausgeschnellten  Polfaden  dauerhaft 
zu  praparieren  und  deren  Lange 
genauer  zu  bestimmen.  Zool.  Anz., 
41(8)  : 368-371,  4  figs. 

(The  present  state  of  our  knowl¬ 
edge  concerning  the  developmental 
cycle  of  Nosema  bombycis.)  In 
Japanese.  (Journal  of  Sericulture, 
(Sangyo-Synpo)  No.  237.  Dated 
only  as  “November  3”.) 

(A  new  myxosporidian  from  the 
carp.)  In  Japanese.  (Zool.  Mag., 
27(324)  : 517-523. 

1915  Contributions  to  the  study  of  par¬ 
asitic  protozoa.  I.  On  the  structure 
and  life  history  of  Nosema  bom¬ 
bycis  Nageli.  Bull.  Imperial  Exper. 
Sericulture  Stat.,  No.  1:31-51,  2  col. 
pis. 

(Studies  on  the  morphology  and 
developmental  cycle  of  Nosema 
bombycis ,  the  causative  organism 
of  Pebrine  disease.)  In  Japanese. 
(Bull.  Imperial  Exper.  Sericulture 
Stat.,  No.  2:1-26,  2  col.  pis.) 

1916  Contributions  to  the  study  of  par¬ 
asitic  protozoa.  III.  Notes  on  Myx- 
osporidia  found  in  some  fresh¬ 
water  fishes  of  Japan  with  the  de¬ 
scriptions  of  three  new  species. 
Jour.  Parasit.,  3:3-9,  4  figs. 

1917  Contributions  to  the  study  of  par¬ 
asitic  protozoa.  II.  Myxobolus  toy- 
amai  nov.  spec.,  a  new  myxospor¬ 
idian  parasite  in  Cyprinus  carpio 
L.  Jour.  Parasit.,  3:163-170,  2  pis. 
With  Hideyo  Noguchi.  The  rela¬ 
tion  of  mosquitoes  and  flies  to  the 
epidemiology  of  acute  poliomye¬ 
litis.  Jour.  Exper.  Med.,  26(1)  :49- 
57. 

1918  Contributions  to  the  study  of  par¬ 
asitic  protozoa.  IV.  Notes  on  some 
Myxosporidia  from  certain  fish  in 


the  vicinity  of  Woods  Hole.  Jour. 
Parasit.,  4(1):11-16,  2  pis. 
Experiments  on  the  extrusion  of 
polar  filaments  of  cnidosporidian 
spores.  Jour.  Parasit.,  4(4):141- 
147,  1  pi. 

1920  On  the  structure  of  some  micro- 
sporidian  spores.  Jour.  Parasit., 
6:178-182,  11  figs. 

Studies  on  Myxosporidia:  A  synop¬ 
sis  of  genera  and  species  of  Myx¬ 
osporidia.  Illinois  Biol.  Monogr. 
5(3-4)  : 239-503,  25  pis.,  2  figs. 
Cnidosporidia  in  the  vicinity  of 
Urbana.  Trans.  Ill.  State  Acad. 
Sci.,  13:298-303. 

1921  Notes  on  Nosema  apis  Zander. 
Jour.  Parasit.,  7:85-90,  14  figs. 
Microsporidia  parasitic  in  cope- 
pods.  Jour.  Parasit.,  7:137-143,  17 
figs. 

On  some  protozoa  parasitic  in 
fresh-water  fishes  of  New  York. 
Jour.  Parasit.,  7:166-174,  25  figs. 
Studies  on  Microsporidia,  with  spe¬ 
cial  reference  to  those  parasitic 
in  mosquitoes.  Jour.  Morph.,  35 
(1):  153-193,  5  pis.,  1  fig. 

On  the  nature  of  structures  char¬ 
acteristic  of  cnidosporidian  spores. 
Trans.  Amer.  Micro.  Soc.,  40:59-74. 
On  the  effect  of  some  fixatives  upon 
myxosporidian  spores.  Trans. 
Amer.  Micro.  Soc.,  40(4) :  161-167. 

1922  Studies  on  Microsporidia  parasitic 
in  mosquitoes.  II.  On  the  effect  of 
the  parasite  upon  the  host  body. 
Jour.  Parasit.,  8:70-77,  1  fig. 

With  D.  C.  Hetherington.  Notes  on 
a  microsporidian  parasite  of  a 
nematode.  Jour.  Parasit.,  8:129-132, 
29  figs. 

On  the  protozoa  parasitic  in  frogs. 
Trans.  Amer.  Micro.  Soc.,  41(2): 
59-76,  36  figs. 

On  the  morphology  and  life  history 
of  a  myxosporidian,  Leptotheca  ohl- 
macheri,  parasitic  in  Rana  elami- 
tans  and  R.  pipiens.  Parasit.,  14 
(3-4)  :  221-244,  8  pis. 

1923  Skate  trypanosome  from  Woods 
Hole.  Jour.  Parasit.,  9:179-180,  1 
fig. 

Microsporidian  parasites  of  ephe- 
merid  nymphs.  Jour.  Parasit.,  10: 
22-24,  43  figs. 

1924  A  biologic  and  taxonomic  study  of 
the  Microsporidia.  Illinois  Biol. 
Monogr.,  9 (2-3)  :77-344,  27  pis.,  9 
figs. 

Studies  on  Microsporidia  parasitic 
in  mosquitoes.  III.  On  Thelohania 
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legeri  Hesse  ( Th .  illinoisensis 
Kudo).  Arch.  Protist.,  49:147-162, 

1  pi.,  1  fig. 

Studies  on  Microsporidia  parasitic 
in  mosquitoes.  VI.  On  the  develop¬ 
ment  of  Thelohania  oparcita,  a  cul- 
icine  parasite.  Jour.  Parasit.,  11: 
84-89,  1  pi.,  1  fig. 

1925  Studies  on  Microsporidia  parasitic 
in  mosquitoes.  IV.  Observations 
upon  the  Microsporidia  found  in 
the  mosquitoes  of  Georgia,  U.S.A. 
Centralbl.  Bakt.  I.  Orig.,  96(7-8): 
428-440,  2  pis. 

Studies  on  Microsporidia  parasitic 
in  mosquitoes.  V.  Further  obser¬ 
vations  upon  Stempellia  (Thelo¬ 
hania)  magna  Kudo  parasitic  in 
Gulex  pipiens  and  G.  territans.  Biol. 
Bull.,  48(2) :  112-127,  5  figs. 
Observations  on  Endamoeba  blat- 
tae.  Amer.  Jour.  Hyg.,  6(1):  139- 
152,  4  pis. 

Microsporidia.  Science,  61(1579): 
366. 

The  present  status  of  our  knowl¬ 
edge  of  Microsporidia.  Jour.  Silk 
Indust.,  67:37-55.  (not  seen) 

1926  Observation  on  Lophomonas  blat- 
tarum,  a  flagellate  inhabiting  the 
colon  of  the  cockroach,  Blatta  or- 
ientalis.  Arch.  Protist.,  53:191-214, 

2  pis. 

A  cytological  study  of  Lophomonas 
striata  Biitschli.  Arch.  Protist., 
55:504-515,  2  pis. 

Observations  on  Dientamoeba  frag- 
ilis.  Amer.  Jour.  Trop.  Med.,  6(4)  : 
299-305,  1  pi. 

On  Myxosoma  catostomi  Kudo, 
1923,  a  myxosporidian  parasite  of 
the  sucker,  Gatostomus  commer- 
sonii.  Arch.  Protist.,  56:90-115,  3 
pis. 

1927  Medical  Parasitology.  Nanzando, 
Tokyo,  pp.  vi  +  100.  (not  seen) 
Pathogenic  protozoa  of  domestic 
animals.  Jour.  Amer.  Vet.  Med. 
Assoc.,  New  ser.  24 (4) : 466-470. 

On  the  effect  of  microsporidian  in¬ 
fections.  Jour.  Silk  Indust.,  35 
(404) :  171-174.  (not  seen) 

1929  Histozoic  Myxosporidia  found  in 
fresh-water  fishes  of  Illinois,  U.S.A. 
Arch.  Protist.,  65  (3) : 364-378,  6  pis. 
Studies  on  Microsporidia  parasitic 
in  mosquitoes.  VII.  Notes  on  Micro¬ 
sporidia  of  some  Indian  mosquitoes. 
Arch.  Protist.,  67(1):  1-10,  1  pi. 
Laboratory  directions  for  the  study 
of  protozoa.  U.  Illinois  Information 
Office,  Urbana,  60  pp.  (not  seen) 


(Unfathomed  Japan.)  In  Japanese. 
Maruyama-Sha,  Tokyo.  June,  (not 
seen) 

(How  to  publish  papers.)  In  Jap¬ 
anese.  Maruyama-Sha,  Tokyo.  No¬ 
vember.  (not  seen) 

1930  Studies  on  Microsporidia  parasitic 
in  mosquitoes.  VIII.  On  a  micro¬ 
sporidian,  Nosema  aedis  nov.  spec., 
parasitic  in  a  larva  of  Aedes 
aegypti  of  Porto  Rico.  Arch.  Pro¬ 
tist.,  69(1)  :  23-38,  5  pis. 
Myxosporidia.  In  Hegner  and  An¬ 
drews:  Problems  and  methods  of 
research  in  protozoology.  MacMil¬ 
lan  Co.,  New  York,  chap.  32,  pp. 
303-324. 

Microsporidia.  In  Hegner  and  An¬ 
drews:  Problems  and  methods  of 
research  in  protozoology.  MacMil¬ 
lan  Co.,  New  York,  chap.  33,  pp. 
325-347. 

1931  Handbook  of  Protozoology.  Charles 
C.  Thomas,  Springfield,  Ill.,  pp. 
x  +  451,  175  figs. 

1933  A  taxonomic  consideration  of  Myx¬ 
osporidia.  Trans.  Amer.  Micro. 
Soc.,  52(3) :  195-216. 

1934  Studies  on  some  protozoan  para¬ 
sites  of  fishes  of  Illinois.  Illinois 
Biol.  Monogr.,  13(l):l-44,  129  figs. 

1936  Studies  on  Nyctotherus  ovalis 
Leidy  with  special  reference  to  its 
nuclear  structure.  Arch.  Protist., 
87(1)  :  10-42,  3  pis. 

1938  A  microsporidian  parasitic  in  Re- 
ticulitermes  flavipes.  Jour.  Para¬ 
sit.,  24(4) : 377,  1  fig. 

With  Paul  A.  Meglitsch.  On  Balan¬ 
tidium  pra'enueleatum  n.  sp.,  in¬ 
habiting  the  colon  of  Blatta  orien- 
talis.  Arch.  Protist.,  91  (1) :  111-124, 
2  pis.,  4  figs. 

1939  Protozoology.  Sec.  ed.  (Revised 
Handbook  of  Protozoology). 
Charles  C.  Thomas,  Springfield,  Ill., 
pp.  vil  +  676. 

Observations  on  Nosema  notabilis 
n.  sp.,  parasitic  in  a  myxosporidian. 
Anat.  Rec.,  75(4,  Suppl.):153. 

1940  With  J.  D.  DeCoursey.  Experi¬ 
mental  infection  of  Hyphantria 
cunea  with  Nosema  bombycis.  Jour. 
Parasit.,  26 (2)  :  123-125. 

With  Victor  Sprague.  On  Myxi- 
dium  immersum  (Lutz)  and  M. 
serotinum  n.sp.,  two  myxosporidian 
parasites  of  Salientia  of  South  and 
North  America.  Rev.  Med.  Trop. 
Parasit.,  Havana,  6:65-73,  14  figs. 

1941  Notes  on  a  microsporidian  para¬ 
site,  Duboscqia  sp.,  of  Reticuli- 
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termes  of  Maryland.  Jour.  Para- 
sit.,  27(6)  : 32. 

1942  On  the  microsporidian,  Duboscqia 
legeri  Perez,  1908,  parasitic  in  Re- 
ticulitermes  flavipes.  Jour.  Morph., 
71(2)  : 307-333,  4  pis. 

1943  Further  observations  on  the  pro¬ 
tozoan,  Myxidium  serotinum,  in¬ 
habiting  the  gall  bladder  of  North 
American  Salientia.  Jour.  Morph., 
72(2)  :263-277,  3  pis. 

Nosema  termitis  n.  sp.,  parasitic 
in  Reticulitermes  flavipes.  Jour. 
Morph.,  73(2) : 265-279,  2  pis. 

1944  Manual  of  human  protozoa.  With 
special  reference  to  their  detection 
and  identification.  Charles  C. 
Thomas,  Springfield,  Ill.,  pp.  xiv  + 
125,  29  figs. 

Morphology  and  development  of 
Nosema  notabilis  Kudo,  parasitic 
in  Sphaerospora  polymorpha  Davis, 
a  parasite  of  Opsanus  tau  and  0. 
beta.  Illinois  Biol.  Monogr.,  20(1) : 
1-83,  12  pis.,  7  figs. 

1946  Protozoology.  Third  ed.  Charles  C. 
Thomas,  Springfield,  Ill.,  pp.  xiv+ 
778. 

Pelomyxa  carolinensis  Wilson.  I. 
General  observation  on  the  Illinois 
stock.  Jour.  Morph.,  78 (3) : 317-351, 
4  pis. 

1947  Pelomyxa  carolinensis  Wilson.  II. 
Nuclear  division  and  plasmotomy. 
Jour.  Morph.,  80(1) : 93-144,  9  pis., 
1  fig. 

1949  Pelomyxa  carolinensis  Wilson.  III. 
Further  observations  on  plasmot¬ 
omy.  Jour.  Morph.,  85  (1) :  163-176. 

1950  A  species  of  Pelomyxa  from  Illinois. 
Trans.  Amer.  Micro.  Soc.,  69(4): 
368-370,  1  fig. 

Zoology  318.  Laboratory  Manual. 
Ninth  ed.  35  pp.  (See  first  edition, 
1929;  no  information  on  interven¬ 
ing  editions.) 

1951  Observations  on  Pelomyxa  illi- 
noisensis.  Jour.  Morph.,  88(1) :  145- 
184,  5  pis.,  3  figs. 

1952  The  genus  Pelomyxa.  Trans.  Amer. 
Micro.  Soc.,  71  (2) :  108-113. 

1954  Protozoology.  Fourth  ed.  Charles 
C.  Thomas,  Springfield,  Ill.,  pp. 
xi-f-966,  376  figs. 


On  the  cytoplasmic  fibrils  of  Loph- 
omonas  striata.  Jour.  Protozool., 
1(1):  80-82,  8  figs. 

1957  Pelomyxa  palustris  Greeff.  I.  Cul¬ 
tivation  and  general  observations. 
Jour.  Protozool.,  4 (3)  :  154-164,  31 
figs. 

1959  Pelomyxa  and  related  organisms. 
Ann.  New  York  Acad.  Sci.,  78  (Art. 
2)  : 474-486,  3  figs. 

1960  Protozoan  parasites  in  certain  in¬ 
sects  of  medical  importance.  In 
Biological  Control  of  Insects  of 
Medical  Importance.  Amer.  Inst. 
Biol.  Sci.,  Tech.  Rept.,  November, 
pp.  49-66. 

1962  Microsporidia  in  Southern  Illinois 
mosquitoes.  Jour.  Insect  Path.,  4 
(3)  : 353-356. 

1963  With  Edward  W.  Daniels.  An  elec¬ 
tron  microscope  study  of  the  spore 
of  a  microsporidian  Thelohania 
californica.  Jour.  Protozool.,  10 
(1)  :112-120,  14  figs. 

1966  Protozoology.  Fifth  ed.  Charles 
C.  Thomas,  Springfield,  Ill.,  pp. 
xi4  1174,  388  figs. 

With  Edward  W.  Daniels  and  E. 
P.  Breyer.  Pelomyxa  palustris 
Greeff.  II.  Its  ultrastructure.  Zeit- 
schr.  Zellforsch.,  73:367-383,  14  figs. 

Every  effort  lias  been  made  to 
make  this  list  complete,  except  for 
some  12  abstracts  and  approximately 
750  reviews.  However,  Dr.  Kudo 
did  not  always  include  all  his  papers 
and  there  may  be  omissions  from 
this  list.  I  would  appreciate  hear¬ 
ing  of  any  inadvertent  exclusions. 
Dr.  Matsunae  Tsunae  of  Nara  Wom¬ 
en’s  University,  Nara,  Japan,  aided 
greatly  with  the  Japanese  papers. 

Harvey  I.  Fisher 
Department  of  Zoology 
Southern  Illinois 
University 
Carbonclale,  Illinois 


ACCOUNTS  OF  ILLINOIS  GEOLOGY 
BY  JOHN  BRADBURY  IN  1817 


GEORGE  W.  WHITE 

Department  of  Geology,  University  of  Illinois,  Urbana 


Abstract.  —  John  Bradbury  (1765- 
1823),  an  English  botanist  well  skilled 
in  mineralogy  and  geology,  traveled  in 
Illinois  in  1S09,  1810,  and  1811.  The 
important  geological  observations  made 
in  Illinois  and  included  in  his  report 
of  1817  have  never  been  recorded  and 
deserve  attention.  He  recognized  the 
flat-lying  strata  of  limestone,  shale,  sand¬ 
stone  and  coal  and  asserted  they  had 
been  deposited  after  a  long  period  of 
time  and  had  not  been  affected  by  later 
“convulsions.”  His  description  of  Illi¬ 
nois  fluorspar  is  probably  the  earliest 
known. 


One  of  the  early  accounts  of  ge¬ 
ological  features  in  Illinois  is  con¬ 
tained  in  Travels  in  the  Interior  of 
America ,  1817,  by  John  Bradbury 
(1765-1823),  the  English  botanist. 
He  came  to  America  primarily  to 
collect  plants,  but  he  was  well  in¬ 
formed  in  chemistry,  was  a  com¬ 
petent  mineralogist  and  had  geolog¬ 
ical  interests.  He  let  little  of  scien¬ 
tific  interest  escape  his  keen  obser¬ 
vation  (True,  1929).  He  traveled 
in  the  United  States  from  1809  to 
1811  and  was  in  Illinois  in  1809  and 
1810.  In  1811  he  traveled  up  the 
Missouri  River  almost  to  the  Mon¬ 
tana  state  line  before  returning  to 
St.  Louis  and  thence  to  New  Or¬ 
leans.  His  book  contains  an  exciting 
account  of  this  part  of  his  travels. 
His  travels  in  Illinois  were  along 
the  Ohio  and  Mississippi  rivers  from 


which  he  made  some  excursions  in¬ 
land,  as  he  traveled  leisurely  and 
was  not  in  haste  to  reach  a  destina¬ 
tion.  From  his  base  at  St.  Louis  in 
1810  he  made  many  trips  of  80  or 
100  miles,  and  it  is  apparent  that  on 
some  of  these  he  crossed  the  Missis¬ 
sippi  and  examined  the  Illinois  Ter¬ 
ritory  for  many  miles  east  of  the 
river. 

Bradbury’s  book  was  widely  read, 
and  a  second  edition  appeared  in 
1819.  His  literate  and  perceptive 
descriptions  of  the  “  western  coun¬ 
try”  became  part  of  the  basis  of  ac¬ 
cumulating  general  knowledge  of  its 
physical  geography  and  geology.  He 
had  keen  appreciation  of  the  high 
value  of  Illinois  soils  and  of  the 
mineral  resources  of  coal,  limestone, 
salt  and  lead.  But  Bradbury  was 
more  than  an  accurate  describer  of 
natural  features — he  must  be  cred¬ 
ited  with  some  important  analyses  as 
well.  He  not  only  recognized  that 
the  strata  westward  from  the  Ap¬ 
palachian  Mountains,  including 
those  in  Illinois,  were  essentially 
horizontal,  but  also  realized  that  this 
indicated  quiet  conditions  of  marine 
deposition  and  that  later  “convul¬ 
sions”  had  not  affected  them. 

At  a  time  when  it  was  not  gen- 
erallv  agreed  that  valleys  were  cut 
by  the  streams  now  flowing  in  them, 
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Bradbury  was  sure  that  the  valleys 
he  saw  were  stream  eroded  and  the 
strata  that  matched  on  both  sides 
of  the  valleys  had  originally  been 
continuous.  He  regarded  some  of  the 
level  surfaces  as  having  been  pro¬ 
duced  by  erosion  from  once  higher 
levels.  He  realized  that  a  long  pe¬ 
riod  of  time  was  necessary  for  the 
deposition  and  later  erosion  of  the 
rocks  he  saw.  Although  he  did  not 
mention  Hutton  or  Playfair,  his 
opinions  on  length  of  geologic  time 
and  slow  action  of  geological  forces 
are  in  harmony  with  their  views. 

One  of  the  important  geological 
events  of  pioneer  Illinois  history  was 
the  series  of  great  earthquake  shocks 
which  began  on  December  16,  1811, 
and  continued  for  many  months.  The 
whole  state  was  affected,  but  most 
strongly  in  the  southern  part,  which 
was  very  close  to  the  center  of  the 
disturbance  across  the  Mississippi 
River  at  New  Madrid,  Missouri. 
Bradbury  had  just  passed  the  south¬ 
ern  tip  of  Illinois  and  had  reached 
New  Madrid  on  December  16  when 
at  2 :00  a.m.  the  first  of  the  great 
earthquake  shocks  took  place.  Brad¬ 
bury  was  the  closest  to  the  earth¬ 
quake  of  any  man  of  scientific  ex¬ 
perience  and  his  factual  report  (p. 
199-207)  is  a  most  valuable  eye-wit¬ 
ness  account  (Puller,  1912,  p.  9,  18). 

Bradbury’s  book  is  divided  into 
three  main  parts :  the  first  deals 
with  the  Missouri  Valley  journey  in 
1811  and  is  not  germane  to  the  pres¬ 
ent  discussion.  The  second  part, 
“Description  of  the  Missouri  Ter¬ 
ritory”  (p.  234-278)  and  the  third, 
“Remarks  on  the  States  of  Ohio, 
Kentucky,  and  Indiana,  with  the 
Illinois  and  Western  Territory.  .  .” 
(p.  279-364),  contain  the  Illinois 


references.  His  recognition  of  the 
difference  between  the  surface  and 
strata  in  Illinois  and  those  of  the 
eastern  part  of  the  country  is  illus¬ 
trated  by  the  statement  that: 

In  .  .  .  geological  formation,  this 

country  ...  is  much  more  level,  and 
the  strata  more  regular  and  undis¬ 
turbed.  In  general  the  order  of  the 
strata  is  sand  lying  on  sand-stone,  after¬ 
wards  lime-stone,  beneath  which  is  ar¬ 
gillaceous  schist  lying  on  coal  (p.  308). 

His  recognition  of  the  origin  of 
the  strata,  of  the  surface  and  of  the 
valleys,  together  with  the  long  time 
required  is  well  summarized  in  this 
passage : 

Several  geological  facts  tend  to  prove 
that  this  portion  of  the  globe  has  been 
peculiarly  exempted  from  the  operation 
of  local  and  disorganizing  convulsions, 
and  that  it  has  remained  for  a  vast 
length  of  time  in  its  present  state.  The 
most  prominent  of  these  facts  is  the 
undisturbed  uniformity  of  the  strata, 
and  their  general  parallelism  to  the  sur¬ 
face  of  the  earth  .  .  .  and  in  the  lime¬ 
stone  rocks,  wherever  they  occur.  The 
depth  and  extent  of  the  valleys  of  the 
river,  together  with  the  peculiar  forma¬ 
tion  of  the  hills,  tend  to  confirm  the 
opinion,  that  whatever  changes  have 
taken  place  on  the  surface  have  been  ef¬ 
fected  by  the  operations  of  a  slow,  but 
continually  acting  cause  (p.  241-242). 

Bradbury’s  reference  to  Illinois 
minerals  includes  one  of  the  earliest 
on  record  of  oolitic  limestone,  galena 
and  fluorite.  His  reference  to  Illi¬ 
nois  fluorite  is  earlier  than  that  of 
Jessup  (Cleaveland,  1822,  p.  202- 
203)  or  of  Joseph  Baldwin  of  Shaw¬ 
nee  Town  (1818,  p.  52)  : 

About  fourteen  miles  west  of  the  Ohio 
Saline,  in  the  Illinois  Territory,  there 
is  a  lead  mine,  which  was  discovered 
by  a  gentleman  from  Tennessee,  of  the 
name  of  Guest.  It  is  not  yet  worked, 
but  seems  to  promise  well.  Some  small 
excavations  have  been  made,  and  a 
quantity  of  galena  found.  It  appears  to 
have  no  connection  or  affinity  with  the 
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mines  of  St.  Genevieve,  not  only  on  ac¬ 
count  of  the  distance  being  about  150 
miles,  but  from  the  marked  difference  in 
the  rock  which  is  the  matrix  of  the  ore, 
and  in  the  substances  which  are  con¬ 
comitant  with  it.  The  rock  in  this  mine 
is  of  that  species  of  limestone  called 
kettonstone,  or  compact  limestone  of 
Kirwan,  and  consists  of  very  small  ac¬ 
creted  round  granulations.  The  ore  is 
mixed  with  very  beautiful  fluor  spar, 
of  several  colours,  as  blue,  brown,  yel¬ 
low,  and  pellucid  (p.  287). 

Bradbury’s  recognition  of  why 
little  of  the  geology  can  be  known 
in  the  early  stages  of  settlement  of 
a  “ fertile  country”  with  low  relief, 
such  as  Illinois,  is  included  in  the 
following  passage  describing  the  sur¬ 
face  and  some  of  the  mineral  re¬ 
sources  : 

From  the  Alleglianies  to  the  Lakes 
there  are  no  mountains,  or  scarcely  an 
elevation  deserving  the  name  of  a  hill, 
the  bluffs  which  border  the  rivers  ex¬ 
cepted.  It  is  nevertheless  relieved  from 
the  dull  monotony  of  a  level  plain  by 
numberless  valleys,  through  which  the 
streams  flow,  and  by  small  elevations, 
termed  ridges.  The  soil  is  much  superior 
to  that  of  the  countries  east  of  the  Al- 
leghanies.  ...  In  the  early  stage  of 
the  transition  of  a  fertile  country  from 
a  state  of  nature  to  that  of  improve¬ 
ment  and  the  arts,  but  little  can  be 
known  as  respects  its  geological  forma¬ 
tion,  or,  in  other  words,  what  it  may 
contain  as  regards  minerals.  In  gen¬ 
eral  the  first  settlers  are  only  culti¬ 
vators  of  the  soil,  and  never  examine 
to  any  considerable  depth  below  the  sur¬ 
face,  except  by  digging  wells.  All  that 
is  known  of  this  country  on  those  sub¬ 
jects  has  been  discovered  in  that  way, 
or  has  manifested  itself  on  the  surface, 
and  is  confined,  as  regards  useful  arti¬ 
cles,  to  coal,  salt,  iron,  lead,  and  nitre. 
.  .  .  Coal  .  .  .  may  be  presumed  to  be  very 
abundant.  In  examining  the  beds  of 
most  of  the  rivers,  rounded  nodules  of 
coal  may  be  found  mixed  with  the  stones 
and  gravel,  and  beds  of  argillaceous 
schist,  containing  vegetable  impressions, 
are  frequent:  in  some  instances  these 
beds  contain  masses  of  pyrites.  Coal  is 
actually  found  at  Pittsburgh,  at  Zanes¬ 
ville,  on  Green  River,  in  the  Illinois, 
and  in  the  western  territories.  It  is  uni¬ 


formly  bituminous,  and  highly  charged 
with  that  substance.  In  all  these  in¬ 
stances  it  has  manifested  itself  on  the 
surface  of  the  earth,  and  indicates  al¬ 
most  inexhaustible  beds. 

Salt,  the  most  useful  article  at  pres¬ 
ent,  is  found  in  various  places,  but  as 
yet  only  in  a  state  of  solution,  and  has 
mostly  been  indicated  by  the  excavations 
made  by  wild  animals  before  the  coun¬ 
try  was  discovered  by  the  whites  (p.  283- 
284). 

AVe  wish  that  John  Bradbury,  who 
saw  so  much  of  the  geology  of  south¬ 
ern  and  of  west-central  Illinois,  had 
written  a  narrative  account  of  his 
travels  in  the  state.  However,  we 
are  grateful  for  his  record  of  obser¬ 
vations  of  Illinois  geology,  which  led 
to  such  respectable  general  conclu¬ 
sions  about  continuity  of  strata  and 
the  great  length  of  geologic  time 
during  which  slow  and  long-contin¬ 
ued  forces  operated  to  produce  the 
surface  forms  and  rock  structures  of 
Illinois. 
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A  COMPUTER  METHOD  FOR  CONVERTING  ORIENTED 
GEOLOGIC  DATA  TO  RADIAN  MEASURE  IN  A 
SPHERICAL  COORDINATE  SYSTEM 
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Abstract.  —  Conversion  of  geologic 
compass  directions  and  dip  designations 
to  radians  is  often  required  for  math¬ 
ematical  treatment  of  oriented  data  by 
computer.  The  method  described  here 
permits  a  geologist  to  record  the  data 
read  directly  from  a  Brunton  pocket 
transit  in  the  conventional  manner. 
Data  recorded  directly  on  a  coding  form 
or  in  an  orderly  fashion  in  field  books 
may  be  readily  key  punched.  A  com¬ 
puter  program  subroutine  that  performs 
the  conversion  is  described. 


The  method  described  retains  the 
conventional  manner  of  recording 
dips  and  strikes  and  converts  these 
data  by  computer  to  radian  measure 
in  spherical  coordinates.  In  this  form 
the  information  can  enter  into  other 
mathematical  computations  or  may 
be  plotted  by  appropriate  plotting 
equipment,  according  to  a  particular 
type  of  projection.  The  method 
is  advantageous  in  that  it  avoids  hu¬ 
man  errors  that  may  arise  from  con¬ 
version  to  degrees  or  radians  by  a 
mental  or  manual  calculation.  The 
program  is  arranged  so  that  it  can 
be  added  to  any  other  program  as 
a  subroutine.  Logical  errors  in  the 
data  are  detected  by  the  program 
and  automatically  excluded  from 
further  computations.  The  conver¬ 
sion  computations  may  be  performed 
several  times  at  each  data-collecting 


station  as  well  as  at  every  station 
within  the  region  of  study. 

Throughout  the  discussion  the  re¬ 
corded  value  for  the  strike  of  a 
plane,  as  well  as  that  recorded  for 
the  plunge  direction  of  a  lineation, 
is  referred  to  as  a  geologic  compass 
direction.  The  term  is  used  to  de¬ 
scribe  the  numbers  and  letters  re¬ 
corded  as  data.  Strike  is  defined  as 
the  direction  of  the  intersection  of 
any  surface  with  a  horizontal  plane 
(Lahee,  1961,  p.  6).  Plunge  direc¬ 
tion  is  defined  as  the  horizontal 
direction  of  a  vertical  plane  that 
contains  the  lineation.  As  used  here, 
plunge  direction  always  refers  to  the 
direction  toward  which  the  lineation 
is  plunging  and  not  the  opposite  di¬ 
rection. 

In  a  similar  manner  the  value  re¬ 
corded  for  dip  of  a  surface,  as  well 
as  that  recorded  for  plunge  of  a  line¬ 
ation,  is  referred  to  as  dip  designa¬ 
tion.  As  in  the  case  of  a  plane  this 
term  is  used  to  describe  the  numbers 
and  letters  recorded  as  data.  Dip 
designation  for  planar  surfaces  is 
considered  to  be  composed  of  two 
parts,  namely  the  clip  angle  and  the 
dip  direction  (Figures  1,  2).  For 
]  mentions  the  two  parts  recorded  for 
dip  designation  are  the  plunge  and 
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NIOE  33  E 

7“  "X 

Geologic  compass  Dip  designation 

direction  (dip  angle  and  dip  direction) 

(strike) 


Figure  1.  Strike  and  dip  of  a  plane 
illustrated  by  an  oblique  view  of  tilted 
strata  along  an  uplift. 

N35E  *  19 E 

A 

Geologic  compass  Dip  designation 

direction  (plunge  and  lineotion  direction) 


Figure  2.  Plunge  direction  and  plunge 
of  a  lineation  as  illustrated  by  an  oblique 
view  of  ripple  marks  on  tilted  strata. 


the  lineation  direction.  Dip  angle 
is  defined  as  the  maximum  angle 
of  slope  of  a  surface  measured  down¬ 
ward  from  a  horizontal  plane. 
Plunge  is  defined  as  the  angle  of 
slope  of  a  lineation  measured  down¬ 
ward  from  a  horizontal  plane.  Dip 
direction  is  the  approximate  car¬ 
dinal  direction  (N,  S,  E,  W)  in 
which  the  planar  surface  slopes 
downward.  Lineation  direction  re¬ 
fers  to  the  approximate  cardinal  di¬ 
rection  (N,  S,  E,  W)  in  which  a 
lineation  slopes  downward  if  there 
is  no  indication  which  of  the  two 


possible  directions  of  the  lineation 
are  under  consideration.  When  a 
lineation  has  a  single  directional 
orientation,  lineation  direction  re¬ 
fers  to  the  approximate  direction  in 
which  the  lineation  or  vector  is 
pointed.  For  example,  a  feature 
such  as  an  oriented  petrified  log 
might  have  a  single  lineation  direc¬ 
tion  or  vector  based  on  the  root  end 
of  the  log.  A  log  oriented  N40E  and 
plunging  at  25  degrees  might  have 
the  root  end  down-plunge.  This 
would  be  recorded  as  N40E*25N.  If 
the  log  were  turned  end  for  end, 
retaining  the  same  orientation  and 
plunge,  the  recording  would  be 

N40E*25S. 

The  computer  program  was  writ¬ 
ten  in  Fastran,  a  language  available 
on  the  7094  computer  at  the  Univer¬ 
sity  of  Illinois.  Fastran  is  similar 
to  Fortran  and  the  subroutine  RA¬ 
DIAN  described  below  may  be  re¬ 
moved  from  the  rest  of  the  program 
and  used  with  a  Fortran  II  or 
Fortran  IV  program. 

Measurement  of  Planar 
Surfaces 

A  generalized  computer  program  that 
accepts  all  combinations  of  geologic 
compass  directions  used  in  measuring 
planar  surfaces  is  desirable.  This  means, 
for  example,  that  a  strike  and  dip  of 
N10En33E  and  one  of  S10WO33S  de¬ 
noting  identical  orientation  of  a  planar 
surface  should  be  considered  identical 
by  the  program.  The  symbol  □  is  used 
to  indicate  a  single  blank  space.  This 
variety  of  notation  is  advantageous  in 
that  the  readings  may  be  taken  from  a 
compass  sighting  from  a  position  con¬ 
venient  for  the  field  geologist.  Other 
possible  readings  that  denote  the  same 
orientation  of  a  planar  surface  as  that 
indicated  above  include  strikes  and  dips 
of  N10Ep33S  and  S10WD33E. 

Geologic  compass  direction  and  dip 
designation  data  representing  sample 
measurements  which  may  be  converted 
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to  spherical  coordinates  by  the  computer 
program  are  tabulated  in  the  following 
list. 

N10E  33 E 
S10W  33  S 
N10E  33S 
S10W  33 E 
NOOE  00  W 
N90E  00N 
N90E  00S 
N10W  80NO 
N15W  90  E 
N15W  70WO 
N33W  18WO 
N  35  E  *  1 9  E 
N  35  E  *  1 9  N 
N  35  E  *  1 9 
N  35  E  * 

N35E  *19S 
N35E*19W 
N  35  E  *  1 9  U 
N35E*90U 
N35E*90 
N35E*00E 
N35E  *00N 
N35E  *00 
N35E*00S 
N  35  E  *00 W 
N  35  E  *00  U 
N35E*  U 
N01  W*10E 
N89E*35N 
N01 W  *00  E 
N90W  *90  E 
N90W*90W 
N25E*90W 
N10W  *90E 
S10W  30S 
S10W  35EO 
S10E*12 

In  many  instances  the  data  were 
chosen  in  order  to  illustrate  extreme 
conditions.  Such  extremes  as  due  N, 
due  S,  and  due  E,  and  due  W  must  be  re¬ 
corded  as  NOOE  or  NOOW,  SOOE  or 
SOOW,  N90E  or  S90E,  and  N90W  or 
S90W  respectively.  For  vertical  sedi¬ 
mentary  strata  it  is  advisable  to  desig¬ 
nate  the  dip  direction  (N,  S,  E,  W)  as 
being  the  general  direction  in  which  the 
top  of  the  stratum  faces.  Horizontal 
planar  surfaces  should  have  a  dip  desig¬ 
nation  of  00N,  00S,  00E,  or  00W, 
where  0  is  a  zero.  Any  geologic  compass 
direction  (except  strikes  that  parallel 
cardinal  dip  directions  such  as  NOOW 
00W)  may  be  used  with  a  horizontal 
attitude.  However,  it  is  suggested  that 
“dip  direction  and  strike”  for  horizontal 
planar  surfaces  be  such  that  it  is  consist¬ 
ent  with  other  attitudes  in  the  area  of 
study  that  are  not  horizontal.  Figure  1 
shows  a  typical  planar  surface  and  a 
record  of  the  surface  measurement. 

The  letter  O,  or  0  as  it  may  be  written 
in  coding,  is  used  to  designate  over¬ 
turned  bedding  planes  or  surfaces  in 
which  the  top  side  either  faces  down¬ 
ward  or  has  a  downward-facing  com¬ 
ponent.  In  many  occurrences  there  may 
be  no  need  to  distinguish  between  the 


top  and  bottom  side  of  a  surface.  Joint 
plane  surfaces  may  be  an  example  of 
this.  In  such  cases  a  choice  between  the 
overturned  and  normal  positions  is  ar¬ 
bitrary,  and  it  is  suggested  that  the  un¬ 
overturned  designation  be  used  consist¬ 
ently. 

No  provision  has  been  made  in  the 
program  for  indicating  that  a  measure¬ 
ment  has  been  made  on  a  plane  that  is 
upside  down  horizontal  or  even  farther 
overturned. 

Measurement  of  Small  Scale 
Linears 

Features  such  as  ripple  marks,  parting 
lineations,  and  slickenside  grooving  may 
be  measured  with  a  Brunton  pocket  tran¬ 
sit  and  the  data  directly  recorded  ac¬ 
cording  to  geologic  compass  direction 
and  dip  designation.  The  dip  designa¬ 
tion,  as  previously  defined,  consists  of 
the  angle  of  plunge  and  any  one  of  four 
possible  lineation  directions  (N,  S,  E, 
W).  This  form  of  recording  requires  an 
asterisk  (*)  between  the  geologic  com¬ 
pass  direction  and  dip  designation. 
Plunge  direction  and  strike  of  a  plane 
are  recorded  in  the  same  way  to  con¬ 
serve  space  and  facilitate  key  punching. 
For  small  scale  linears  geologic  compass 
directions  and  dip  designations  of 
N35E*19N,  N35E*19E,  or  N35E*19D 

may  be  used  to  represent  a  lineation 
that  plunges  19  degrees  in  the  direction 
N35E  and  points  toward  either  the  N 
or  E.  When  lineation  direction  is  not  re¬ 
ported  it  is  understood  to  be  that  of  the 
plunge  direction.  The  allowance  for  a 
blank  space  is  primarily  for  convenience 
in  recording  data.  A  value  of  N35E* 
□  □  □  will  be  processed  as  if  the  lin¬ 
eation  were  horizontal  and  directed 
north  35  degrees  east.  In  this  example 
the  two  blank  spaces  for  plunge  are  proc¬ 
essed  as  if  they  were  00  in  value,  where 
0  is  a  zero.  A  record  for  the  inverse  of 
the  above  values  would  be  either  N35E* 
19S,  N35E*19W,  or  N35E*19U.  Here  the 
lineation  plunges  19  degrees  in  the  di¬ 
rection  N35E  but  points  toward  either 
the  south  (S),  west  (W)  or  up  (U).  The 
letter  U  is  applicable  only  to  lineation 
measurements.  A  plunge  direction  can¬ 
not  be  exactly  at  right  angles  to  the 
cardinal  lineation  direction.  Thus, 
N00E*30E  is  not  a  valid  geologic  com¬ 
pass  direction  aid  dip  designation. 

Moreover,  the  computer  program  is 
arranged  so  that  a  lineation  is  defined 
by  N35E*19Q  but  the  lineation  direc- 
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tion  must  be  added  to  define  which  way 
the  lineation  is  pointing.  A  typical 
lineation  and  a  record  of  the  lineation 
measurement  are  shown  in  Figure  2.  A 
geologic  compass  direction  is  mandatory 
for  all  vertical  lineations  no  matter 
whether  they  are  directed  upward  or 
downward. 

Some  variety  of  recorded  letters  and 
numbers  for  plunge  direction,  plunge 
angle,  and  lineation  direction  are  provid¬ 
ed  for  in  the  computer  program,  but  this 
notation  is  more  restricted  than  that 
used  for  planar  surfaces.  Horizontal 
linear  features  may  be  recorded  with  00 
for  the  angle  of  plunge  and  any  of  the 
four  cardinal  directions  as  the  lineation 
direction.  The  record  N35E*00E  may 
represent  such  a  lineation.  Values 
of  N35E*00N,  N35E*00O  and  N35E* 
□  □  □  represent  the  same  lineation 
direction.  The  inverse  of  this  direction 
may  be  designated  by  either  N35E*00S 
or  N35E*00W,  or  by  N35E*00U  or  N35- 

e*d  nu. 

Vertical  or  nearly  vertical  lineations 
might  be  more  accurately  measured  by 
the  measuring-device  method  discussed 
below.  However,  recordings  of  N35E*90E. 
N35E*90N,  and  N35E*90Q  may  be  used 
to  represent  a  vertically  plunging  linea¬ 
tion  pointing  downward.  A  vertically 
plunging  lineation  pointing  upward 
could  be  represented  by  N35E*90W, 
N35E*90S,  and  N35E*90U.  The  geologic 
compass  direction  of  N35E  in  these  desig¬ 
nations  means  only  that  this  value  is 
consistent  with  other  associated  values 
that  have  a  northeast  plunge. 

When  the  dip  and  strike  of  a  plane 


Figure  3.  Oblique  view  of  an  outcrop 
and  a  lineation  measuring  device  that 
provides  a  measurement  surface  perpen¬ 
dicular  to  the  lineation. 


that  is  perpendicular  to  the  lineation  it¬ 
self  is  to  be  measured,  a  device  such  as 
that  shown  in  Figure  3  may  be  used. 
The  data  recorded  from  such  measure¬ 
ments  define  a  lineation.  The  measure¬ 
ments  are  recorded  as  a  geologic  com¬ 
pass  direction  and  dip  designation  with¬ 
out  an  asterisk.  If  the  leg  of  the  linea¬ 
tion  measuring  device  points  toward  the 
down-dip  direction  of  the  lineation,  the 
plane  that  is  measured  is  considered  un¬ 
overturned.  The  leg  of  the  lineation 
measuring  device  may  be  used  to  point 
in  the  direction  in  which  the  lineation 
points.  Where  the  lineation  points  up¬ 
ward,  the  leg  of  the  measuring  device 
will  also  point  upward,  giving  the  per¬ 
pendicular  plane  a  downward-facing 
component.  The  plane  upon  which  the 
dip  and  strike  are  measured  is  then  con¬ 
sidered  to  be  overturned  and  the  data 
recorded  define  an  upward-pointing 
lineation.  All  conditions  that  apply  to 
measurement  of  planar  surfaces  also 
apply  when  the  measuring  device  is 
used.  The  face  of  the  planar  surface  op¬ 
posite  the  leg  of  the  measuring  device  is 
analogous  to  the  top  side  of  the  bedding. 
For  horizontal  or  nearly  horizontal 
lineations  it  may  be  simpler  to  dispense 
with  the  lineation  measuring  device  and 
measure  the  lineation  direction  and 
angle  of  plunge,  recording  it  as  a  geo¬ 
logic  compass  direction  and  dip  designa¬ 
tion  separated  by  an  asterisk. 

Use  of  the  lineation  measuring  device 
is  optional  for  measuring  data  to  be 
used  with  the  computer  program.  In 
many  instances  the  inconvenience  of 
having  another  piece  of  field  equipment 
may  preclude  its  use. 

Disscussion  of  Computer 
Program  Operation 

The  computer  program  in  Appendix 
A  is  in  two  parts — the  subroutine  RA¬ 
DIAN  and  a  main  program  for  reading- 
data  into  the  computer  memory  and 
writing  out  results.  The  first  data  card 
must  contain  the  letters  NSEW*0QU 
(  Figure  4 ) .  All  data  cards  subsequent 
to  this  first  card  (except  the  last  one) 
should  have  the  geologic  compass  direc¬ 
tion  and  dip  designation  punched  in 
columns  1  through  9.  Although  the  main 
program  is  arranged  to  read  data  cards 
in  these  particular  columns  on  each 
card,  it  may  be  altered  readily  to  use 
information  punched  at  any  position  on 
the  card  or  any  series  of  geologic  com¬ 
pass  directions  and  dip  designations  on 


344 


Transactions  Illinois  Academy  of  Science 


Figure  4.  Arrangement  of  computer 
program  punch  cards  and  data  punch 
cards. 


each  data  card.  In  all  such  cases  sub¬ 
routine  RADIAN  would  remain  unal¬ 
tered. 

Each  set  of  data  cards  requires  a 
blank  card  at  the  end  to  flag  the  termi¬ 
nation  of  the  data  being  read  into  the 
array  in  the  computer  memory.  After 
each  data  card  is  read  by  the  computer 
the  oriented  geologic  data  are  converted 
to  radian  measure.  Answers  from  each 
computation  are  stored  in  an  array  sim¬ 
ilar  to  that  in  which  the  original  data 
were  stored.  For  completeness,  the 
azimuth  angle  and  zenith  angle  are  writ¬ 
ten  out  by  means  of  the  main  program 
along  with  an  indicator  for  the  presence 
of  a  lineation  (*)  and  a  logical  data  er¬ 
ror  (Appendix  B). 

The  program  requires  about  5  seconds 
to  convert  100  geologic  compass  direc¬ 
tions  and  dip  designations  to  radians  in 
a  7094  computer.  This  is  computer  run¬ 
ning  time,  which  does  not  include  the 
system  time  of  about  10  seconds. 

Throughout  the  subroutine  RADIAN, 
statements  have  been  used  to  ascertain 
the  presence  of  a  particular  letter  or 
symbol  associated  with  a  geologic  com¬ 
pass  direction  or  dip  designation.  If  the 
value  after  a  subtraction  is  zero,  the 
computer  may  be  directed  to  a  particular 
computational  statement.  If  either  a 
negative  or  positive  value  is  obtained, 
the  computer  may  proceed  to  the  next 
statement,  which  directs  the  computer 
to  try  subtracting  another  letter  or  sym¬ 
bol.  By  this  method  a  letter  W  would 
be  identified  on  the  fourth  trial  by  sub¬ 
tracting  N,  S,  E,  and  W  in  sequence  from 
the  value  in  question. 

Subroutine  RADIAN  converts  the  geo¬ 
logic  compass  directions  to  spherical  co¬ 
ordinates  by  using  radian  measure.  The 
first  part  of  the  subroutine  converts  all 
geologic  compass  directions  to  azimuths 


measured  clockwise  around  a  360-degree 
compass.  This  is  done  for  strikes  of  plan¬ 
ar  surfaces  as  well  as  plunge  directions 
for  lineations.  The  decision  as  to  which 
part  of  the  subroutine  follows  depends 
on  whether  an  asterisk  or  a  blank  space 
is  present  between  the  geologic  compass 
direction  and  dip  designation.  If  a  blank 
space  is  present,  the  azimuth  and  zenith 
angles  of  the  planar  poles  are  determined 
for  each  recorded  dip  and  strike.  To  find 
these  the  program  provides  for  the  ar¬ 
bitrary  subtraction  of  90  degrees  from 
the  strike  direction.  The  subsequent  sub- 
traction-IF  statements  ascertain  the  dip 
direction  to  be  either  N,  S,  E,  or  W  and 
then  correct  the  planar  pole  azimuth  by 
180  degrees  if  necessary.  The  decision 
and  computational  statements  are  ar¬ 
ranged  so  that  the  azimuth  is  always 
greater  than  zero  degrees  but  less  than 
or  equal  to  360  degrees.  The  zenith  angle 
of  the  poles  is  computed  by  subtracting 
the  angle  of  dip  from  180  degrees.  If  the 
dip  designation  on  the  data  card  is  fol¬ 
lowed  by  the  letter  O  for  overturned,  the 
azimuth  of  the  planar  pole  is  inverted 
by  subtracting  or  adding  180  degrees, 
depending  upon  which  will  yield  a  value 
greater  than  zero  degrees  but  equal  to  or 
less  than  360  degrees.  For  overturned 
planar  surfaces  the  angle  of  dip  of  the 
plane  is  equal  to  the  zenith  angle  of  the 
planar  pole. 

When  an  asterisk  is  present  between 
the  geologic  compass  direction  and  dip 
designation,  the  recorded  attitude  is  con¬ 
sidered  to  be  a  measurement  of  a  linea¬ 
tion,  or  a  lineation  direction.  The  pro¬ 
gram  arbitrarily  considers  lineations  to 
be  directed  downward;  the  lineation  di¬ 
rection  of  the  measured  features  may  be 
left  blank,  as  discussed  previously.  If  not 
left  blank,  the  lineation  direction  (N, 
S,  E,  W,  U)  serves  to  indicate  which  of 
the  two  possible  lineation  directions  is 
under  consideration.  Much  of  the  linea¬ 
tion  computation  part  of  the  subroutine 
RADIAN  consists  of  logic  checks  and 
other  considerations  for  extreme  cases. 
In  case  of  a  downward-pointing  lineation 
direction,  the  azimuth  that  was  de¬ 
termined  earlier  in  the  program  is  ac¬ 
cepted  as  the  azimuth  angle.  For  upward- 
pointing  lineations  this  value  is  reversed 
by  180  degrees  so  that  the  new  azimuth 
is  greater  than  zero  degrees  but  less 
than  or  equal  to  360  degrees.  The  plunge 
is  added  to  90  degrees  to  obtain  the 
zenith  angle.  For  upward-pointing  linea¬ 
tions  the  plunge  is  subtracted  from  90 
degrees  to  obtain  the  zenith  angle. 
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Figure  5.  Oblique  view  of  an  orienta¬ 
tion  sphere  illustrating  angles  Q  and  0  of 
a  planar  pole  for  a  plane  striking  N10E 
and  dipping  33E.  The  part  of  the  plane 
in  the  lower  hemisphere  is  stippled. 
P  —  planar  pole,  0  —  azimuth  angle,  0  — 
zenith  angle.  If  the  plane  were  over¬ 
turned  the  planar  pole  would  be  inverted 
with  respect  to  the  illustrated  position. 


Figure  6.  Oblique  view  of  an  orienta¬ 
tion  sphere  illustrating  angles  Q  and  0 
of  a  lineation— plunge  direction  of  N35E, 
plunging  19E.  A  plane  containing  the 
lineation  is  stippled  and  dashed  parallel 
to  the  lineation.  This  plane  is  inserted 
for  comparison  with  Figure  2.  P=vector 
representing  lineation,  e— azimuth  angle, 
0  —  zenith  angle.  A  dip  designation  of 
19W  would  invert  the  lineation  direction. 

As  a  final  step,  subroutine  RADIAN 
converts  azimuth  angle  and  zenith  angle 
from  degrees  to  radians  and  stores  these 
values  in  the  THETA  and  PHI  array  of 
subscription  variables.  The  value  used 
for  tt  in  this  conversion  is  carried  to  the 
sixth  decimal  place.  Figures  5  and  6 
show  angles  THETA  and  PHI  for  the 
planar  surface  and  plunging  lineation 
illustrated  in  Figures  1  and  2. 

When  the  blank  card  flagging  the  end 


of  the  data  is  recognized  by  the  com¬ 
puter,  computations  cease  and  the  main 
program  directs  the  computer  to  write 
out  the  stored  values  of  THETA  (0)  and 
PHI  (0),  along  with  an  indicator  as  to 
whether  the  value  represents  a  plane  or 
a  lineation.  Appendix  B  lists  output  from 
the  sample  data  cards  previously  tabulat¬ 
ed  in  the  text. 

Logical  errors  in  the  data  cards  are 
located  by  the  program.  Appendix  C  lists 
eight  such  logical  errors  by  number.  If 
this  type  of  error  is  encountered  during 
a  computation,  the  computer  will  store 
the  number  of  the  error  in  a  subscripted 
array  for  future  listing  and  proceed  to 
the  next  geologic  compass  direction  and 
dip  designation  or  data  card.  The  ab¬ 
sence  of  an  error  is  indicated  by  a  zero 
in  the  output  listing  (Appendix  B), 
otherwise  the  error  number  is  listed. 
Letters  or  symbols  that  are  accidentally 
inserted  for  the  numerical  compass 
angles  on  the  data  cards  will  stop  the 
computer.  However,  numerical  values  in¬ 
serted  accidentally  for  letters  or  symbols 
will  not  stop  the  computer  but  will  be 
indicated  as  one  of  the  types  of  error 
shown  in  Appendix  C. 

Advantages  of  the 
Computer  Method 

The  computer  program  presented 
may  be  used  with  Brunton  pocket 
transit  measurements  on  planes,  line- 
ations,  and  directional  lineations 
with  no  need  for  a  second  or  third 
program.  The  notation  for  record¬ 
ing  data  is  similar  to  that  commonly 
used  by  field  geologists  and  requires 
no  special  device,  technique,  or  pro¬ 
cedure  for  obtaining  and  recording 
oriented  data.  However,  measuring 
devices  such  as  that  illustrated  here 
(Figure  3)  or  those  illustrated  by 
Potter  and  Petti john  (1963,  p.  78) 
may  be  used  in  measuring  oriented 
data  for  the  described  computer  pro¬ 
gram.  Measurements  on  the  ceiling 
of  a  mine  or  tunnel  may  be  taken 
just  as  readily  and  recorded  as  those 
011  a  horizontal  outcrop.  The  pro¬ 
gram  is  generalized  to  the  extent 
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that  it  will  handle  extreme  cases, 
overturned  planar  surfaces,  and  var¬ 
ious  combinations  of  measurements 
on  the  same  oriented  feature.  The 
program  may  be  used  on  various 
types  of  oriented  features  in  sedi¬ 
mentary,  igneous,  and  metamorphic 
rocks.  There  is  very  little  or  no  re¬ 
striction  on  the  three  -  dimensional 
orientation  of  the  feature  measured. 
Overturned  planes  or  bedding  may 
be  just  as  easily  measured  and  re¬ 
corded  for  use  with  the  program  as 
horizontal  lineations  in  which  the 
compass  direction  is  the  only  im¬ 
portant  consideration.  In  all  in¬ 
stances  the  orientation  is  determined 
in  spherical  coordinates. 

Radian  measure  is  advantageous 
in  that  the  values  of  trigonometric 
functions  for  the  angles  may  be 
readily  found  by  a  computer.  The 
data  in  the  form  of  radian  measure 
may  be  readily  adapted  for  treat¬ 


ment  in  numerous  ways.  These  in¬ 
clude  statistical  analysis,  such  as  the 
work  by  Scheidegger  (1965)  and 
Steinmetz  (1962)  ;  direct  plotting  of 
the  data  according  to  an  equal-area 
projection  in  a  manner  similar  to 
that  described  by  Fairbairn  (1949  p. 
276),  Robinson  et  al.  (1963),  Doell 
and  Altenhofen  (1960),  and  Spen¬ 
cer  and  Clabaugh  (1967)  ;  and 
methods  to  remove  tilt  effects  such 
as  described  by  Murray  (1966,  1967) 
and  Noble  (1964).  The  conversion 
subroutine  may  be  added  to  other 
programs  or  supplemented  by  ad¬ 
ditional  subroutines.  Space  is  avail¬ 
able  on  each  data  card  to  add  other 
information,  including  station  num¬ 
ber,  area  of  study,  and  rock  unit. 
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Appendix  A.  Computer  Program  for  Converting  Oriented  Geologic  Data  to 
Radian  Measure  in  a  Spherical  Coordinate  System. 

$  FASTRAN 

$  GO 

C 

C  FREDERICK  N.  MURRAY 
C  ILLINOIS  STATE  GEOLOGICAL  SURVEY 
C  URBANA,  ILLINOIS 

DIMENSION  T  H  ET  Al  (1000) ,  P  H  1  (1000) ,  M  M  (1000) ,  I  E  (1000) ,  M  (8) 

N  I  —  0 

RIT7,1,(M(1), 1  =  1,8) 

1  FORMAT  (8A1) 

2  R  I  T7,3,  N  1 ,  Al ,  N2,  N3,  A2,  N4,  N5 

3  FORMAT (A1,F2.0,2A1,F2.0,2A1) 

I  F  ( Al  +  A2)5,4,5 

4  !F(N1  +  N2+’N3+N4+N5-M(7)-M(7)-M(7)-M(7)-M(7))  5,6,5, 

5  N  I  —  N  I  -{-  1 

CALL  RADIAN  (N1,A1,N2,  N3,  A2,N4,  N5,TH  ETA1,PH  I1,MM,IE,M,NI) 

GO  TO  2 

6  WOT6,7,(THETA1(l),PHI1(l),MM(l),IE(l),l  =  1,NI) 

7  FORMAT  (1  HI. 5X,18H  RADIAN  MEASURE  FO  R/6X.74H  AZ I  M  U T  H— Z  E  N  I T  H 
ANGLE 

1 - PLANE  SURFACE  OR  LINEATION  (*)  ERROR  N  0./6X.5  H  T  H  ET  A,7X,3 

2H  PH  1/ (1  X,2F12.6,22X, Al  ,25X,  12) ) 

END 

$  FASTRAN 

SUBROUTINE  R  A  D I A  N  ( N 1 ,  Al ,  N2,  N3,  A2,  N4,  N5,T  H  ET  A,P  H  I ,  M  M ,  I  E,  M ,  N  I ) 
DIMENSION  THETA  (1000),  PH  I  (1000) ,  M  M  (1000) ,  I  E  (1000) ,  M  (8) 

IE(NI)=0 

C  DOES  THE  GEOLOGIC  COMPASS  DIRECTION  OR  DIP  DESIGNATION  ANGLE 
C  HAVE  A  VALUE  OF  91  THROUGH  99  DEGREES 
I  F  (Al  -  90.) 76,76,75 

75  IE(NI)=8 
RETURN 

76  I  F  ( A2-90.0)77,77,75 
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C  CONVERSION  OF  GEOLOGIC  COMPASS  DIRECTIONS  TO  AZIMUTHS 
77  IF(N1-M(1))1 ,3,1 

1  IF(N1-M(2))2,6,2 

2  IE(NI)  =  1 

RETURN 

3  IF(N2-M(3))4,10,4 

4  I  F(N2-  M  (4) ) 2,5,2 

5  A1  =  360.-A1 
GO  TO  10 

6  IF(N2-M(3) )  8,7,8 

7  A 1  =  1 80.  -  A 1 
GO  TO  10 

8  I  F(N2-  M  (4)2, 9, 2 

9  A1  =  180.  +  A1 

C  IS  THIS  A  PLANE  OR  A  LINEATION 

10  IF(N3-M(5))12, 11,12 

12  IF(N3-M(7))13,33,13 

13  IE(NI)=2 
RETURN 

C  DETERMINATION  OF  AZIMUTH  AND  ZENITH  ANGLE  OF  PLANAR  POLES 
33  I  F (A1  -90.)36,37,38 

36  A1  =  (360.-  (90.-A1)) 

GO  TO  40 

37  A 1  —  360. 

GO  TO  40 

38  Al  =  A1-90. 

40  I  F  ( N4-  M  (1 )  )41 ,46,41 

41  I  F  ( N4-  M  (2)  )43,50,43 

43  I  F  (N4-  M  (3)  >44,56,44 

44  I  F(N4  -  M  (4) ) 45,57,45 

45  I  E(N  I)  =3 
RETURN 

46  I  F(A1 -270. >47,66,48 

47  I  F(A1  -90. >49, 66, 65 

48  A1  =  A1-180. 

GO  TO  65 

49  A1  =  A1  +  180. 

GO  TO  65 

50  I  F  ( A1  -270.)51 ,66,65 

51  I  F  (A1  -90. >65,66,52 

52  I  F(A1  -180. >49, 49, 48 

56  I  F(A1  -136. >53,66,66 

53  I  F (A1  -180. >49, 66, 65 

57  I  F(  A1  -360. >55, 66, 66 
55  I  F( A1  - 180.) 65,66,48 

66  IE(NI)=4 
RETURN 

65  I  F(N5-M  (6)  >67,70,67 

67  I  F(N5-M  (7)  >68,69,68 

68  IE(NI)=5 
RETURN 

69  A2— 180. - A2 
GO  TO  74 

70  I  F(A1  -180. >72,72,71 

71  A 1  —  A 1  - 1 80. 

GO  TO  74 

72  A1  A 1  180. 

C  CONVERSION  TO  RADIANS 

74  THETA(NI)  —  (A  1/180. >*3.141593 
PH  I  ( N  I )  =  ( A2/1 80.) *3.141593 
MM(NI)  =  N3 
RETURN 

C  DETERMINATION  OF  AZIMUTH  AND  ZENITH  ANGLE  OF  A  LINEATION  OR 
C  UNIT  VECTOR 

11  I  F(N5  -  M  (7)  >14,100,14 

14  IE(NI)  =  6 
RETURN 

100  I  F( A1  -360.)  101 ,105,101 

101  I  F(A1 -270.)  102,107,102 

102  I  F  ( A1  -180.)  103,105,103 

103  I  F(  A1  -90.)  104,107,104 

104  I  F (A1  >99,109,99 
109  A  1  =  360. 

105  IF(N4-M(3>)  106,92,106 

106  IF(N4-M(4)  >99,92,99 

107  I  F  ( N4-  M  ( 1 )  >108,92,108 

108  I  F ( N4-  M  (2)  >99,92,99 
92  I  E  (N  I )  =7 

RETURN 

99  IF(N4-M(1))1 6,21,1 6 

16  I  F( N4-  M  (2)  >17,22,17 

17  I  F(N4-  M  (3) >18,23,18 

18  IF(N4-M(4)  >19,24,19 

19  I  F(N4-M  (7)  >20,30,20 
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20  I  F  ( N4  -  M  (8) ) 45,26,45 

21  IF(N1-M(1) )  26,30,26 

22  IF(N1-M(2) )  26, 30,26 

23  I  F  (  N2-  M  (3)  ) 26,30,26 

24  I  F  ( N2-  M  (4)  ) 26,30,26 
30  A2=A2  +  90.0 

GO  TO  74 

26  I  F  (A1  - 180. >27,27,28 

27  A1  —  A1  +  180. 

GO  TO  29 

28  A1  =  A1-180. 

29  A2  =  90.0-A2 
GO  TO  74 
END 

$  DATA 
N  S E W*0  U 


Appendix  B.  Computer  Program  Output  from  Oriented  Geologic  Data  Listed 

In  Text. 


RADIAN  MEASURE  FOR 

AZIMUTH - ZENITH  ANGLE - PLANE  SURFACE  OR  UNEAT10N  (*) 

THETA  PHI 


4.886922 

2.565634 

4.886922 

2.565634 

4.886922 

2.565634 

4.886922 

2.565634 

1.570797 

3.141593 

3.141593 

3.141593 

6.283186 

3.141593 

1.396264 

1.396264 

4.450590 

1.570797 

4.450590 

1.221731 

4.136431 

.314159 

.610865 

1.902409 

* 

.610865 

1.902409 

* 

.610865 

1.902409 

* 

.610865 

1.570797 

* 

3.752458 

1.239184 

* 

3.752458 

1.239184 

* 

3.752458 

1.239184 

* 

3.752458 

.000000 

* 

.610865 

3.141593 

* 

.610865 

1.570797 

* 

.610865 

1.570797 

* 

.610865 

1.570797 

* 

3.752458 

1.570797 

* 

3.752458 

1.570797 

* 

3.752458 

1.570797 

* 

3.752458 

1.570797 

* 

3.124140 

1.396264 

* 

1.553343 

2.181662 

* 

3.124140 

1.570797 

* 

1.570797 

.000000 

* 

4.712389 

3.141593 

* 

3.577925 

.000000 

* 

2.967060 

.000000 

* 

4.886922 

2.617994 

1.745329 

.610865 

2.967060 

1.780236 

* 

ERROR 


Appendix  C.  Data  Error  Types  Which  May  Be  Recognized  By  The  Computer 

Program. 


errors 

NO.  TYPE 

1.  AT  LEAST  ONE  OF  THE  DIRECTION  LETTERS  OF  THE  GEOLOGICAL  COM¬ 
PASS  DIRECTION  IS  INCORRECT  OR  MISSING.  ERRORS  IN  THE  DIP  DESIG¬ 
NATION  MAY  ALSO  BE  PRESENT. 

2.  THERE  IS  SOME  CHARACTER  BESIDES  *  OR  (BLANK)  BETWEEN  THE  GEO¬ 
LOGIC  COMPASS  DIRECTION  AND  THE  DIP  DESIGNATION. 

3.  THE  DIP  DIRECTION  IS  MISSING  OR  INCORRECT.  THE  LETTER  U  CANNOT 
BE  USED  WITH  PLANAR  SURFACE  DIP  DESIGNATIONS. 

4.  A  GEOLOGIC  COMPASS  DIRECTION  FOR  A  PLANAR  SURFACE  (STRIKE)  CAN¬ 
NOT  PARALLEL  THE  CARDINAL  DIP  DIRECTION.  THAT  IS  SUCH  VALUES 
AS  N00W  10S  AND  N90W  15W  ARE  NOT  VALID  FOR  A  PLANAR  SURFACE. 

5.  THERE  IS  SOME  CHARACTER  BESIDES  O  OR  (BLANK)  IN  THE  OVERTURNED 
DESIGNATION  COLUMN. 

6.  A  LINEATION  OR  DIRECTIONAL  ITSELF  IS  NOT  CONSIDERED  AS  BEING 
OVERTURNED.  THE  PLANES  WHICH  BEAR  THE  LINEATION  ARE  CON¬ 
SIDERED  OVERTURNED. 


ooooooooooooooooooooooooooooooooooooo 
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7.  A  GEOLOGIC  COMPASS  DIRECTION  FOR  A  LIN  EATION  OR  DIRECTIONAL 
CANNOT  BE  AT  EXACTLY  RIGHT  ANGLES  TO  THE  CARDINAL  LI  N  EATION 
DIRECTION.  THAT  IS  SUCH  VALUES  AS  N00W*10W  AND  N90W*15S  ARE  NOT 
VALID  FOR  A  LI  N  EATION  OR  A  DIRECTED  LI  N  EATION. 

8.  AT  LEAST  ONE  OF  THE  RECORDED  ANGLES  IS  OVER  90  DEGREES. 


Literature  Cited 

Doell,  R.  R.,  and  R.  E.  Altenhofen. 
1960.  Preparation  of  an  accurate  equal- 
area  projection.  U.  S.  Geol.  Survey 
Prof.  Paper  400-B:  B427-B429. 

Fairbairn,  H.  W.  1949.  Structural  petrol¬ 
ogy  of  deformed  rocks,  2nd  ed.  Cam¬ 
bridge  Mass.,  Addison-Wesley  Press. 
334  pp. 

Lahee,  F.  H.  1961.  Field  geology.  New 
York,  McGraw-Hill.  296  pp. 

Murray,  F.  N.  1966.  Stratigraphy  and 
structural  geology  of  the  Grand  Hog¬ 
back  Monocline,  Colorado.  Unpublished 
Ph.D.  thesis,  Univ.  Colorado,  Boulder. 
219  pp. 

- ,  1967.  Jointing  in  sedimen¬ 
tary  rocks  along  the  Grand  Hogback 
Monocline,  Colorado.  Jour.  Geol., 
75(3):  340-350. 


Noble,  D.  C.  1964.  Mathematical  rotation 
of  orientation  data.  Geol.  Soc.  America 
Bull.  75  (3)  :  247-248. 

Potter,  P.  E.,  and  F.  J.  Pettijohn.  1963. 
Paleocurrents  and  basin  analysis.  Ber¬ 
lin,  Springer  Yerlag.  296  pp. 

Robinson,  P.,  et  al.  1963.  Preparation  of 
beta  diagrams  in  structural  geology  by 
a  digital  computer.  Am.  Jour.  Sci.  261: 
913-928. 

Scheidegger,  A.  E.  1965.  On  the  statistics 
of  the  orientation  of  bedding  planes, 
grain  axes,  and  similar  sedimentol- 
ogical  data.  U.  S.  Geol.  Survey  Prof. 
Paper  525-C:  C164-C167. 

Spencer,  A.  B.,  and  P.  S.  Clabaugh.  1967. 
Computer  program  for  fabric  dia¬ 
grams.  Am.  Jour.  Sci.  265(2)  :  166-172. 

Steinmetz,  R.  1962.  Analysis  of  vectorial 
data.  Jour.  Sed.  Petrology.  32:  801-822. 

Manuscript  received  February  28,  1967. 


WHITEROCKIAN  THROUGH  GIVE TI AN  CHEMICAL 
STRATIGRAPHY  IN  THE  ARROW  CANYON  RANGE, 

CLARK  COUNTY,  NEVADA 


J.  W.  MARKS,  R.  L.  LANGENHEIM,  JR.,  AND  F.  M.  WAHL 

\ \9  Ferndale  Drive,  Terre  Haute,  Indiana,  University  of 
Illinois,  Url)ana,  and  University  of  Illinois,  Urlana 


Abstract. — The  presence  and  relative 
abundance  of  iron,  magnesium,  calcium, 
aluminum,  silicon,  manganese,  copper, 
nickel,  tin,  titanium,  vanadium,  chromi¬ 
um,  and  silver  was  determined  by  emis¬ 
sion  spectroscopy  in  representative  sam¬ 
ples  of  each  bed-level  unit  within  the 
Opd,  Ope,  and  Opf  units  of  the  Pogonip 
Group  and  within  the  Ely  Springs  Dolo¬ 
mite,  Laketown  Dolomite  and  Piute  For¬ 
mation  in  the  Arrow  Canyon  Range. 
Magnesium,  calcium,  aluminum,  silicon, 
and  manganese  contents  are  generally 
uniform  excepting  Ca  and  Mg  which  oc¬ 
cur  in  inverse  proportion.  Iron  is  ubiqui¬ 
tous,  but  decreases  markedly  in  abun¬ 
dance  from  the  base  upwards  within  the 
Opd,  Ope,  and  Opf  units  and  within  the 
Ely  Springs  Dolomite.  The  topmost  bed- 
level  unit  of  the  Ely  Springs  Dolomite, 
however,  has  a  large  iron  content,  thus 
supporting  the  hypothesis  that  it  is  lith¬ 
ologically  more  closely  related  to  the 
overlying  Laketown  Dolomite  than  to 
the  remainder  of  the  Ely  Springs  Dolo¬ 
mite.  Sporadic  occurrences  of  minor  ele¬ 
ments  appear  potentially  useful  in  lith¬ 
ologic  correlation  within  otherwise  rela¬ 
tively  uniform  carbonate  sequences. 


The  objectives  of  this  study  have 
been :  1 )  to  investigate  elemental 
content  of  rock  units  within  a  lim¬ 
ited  stratigraphic  sequence  in  order 
to  detect  sequential  changes  in  dep- 
ositional  environment;  and  2),  to 
test  a  rapid  and  economical  method 
of  qualitative  estimate  analyses  for 
use  in  defining  stratigraphic  units. 

In  regard  to  the  first  objective, 


differences  in  source  material  pre¬ 
sumably  will  be  reflected  in  the  ele¬ 
mental  composition  of  a  sedimentary 
rock  unit.  Thus  studies  of  minor 
elements  in  carbonate  sediments  and 
rocks,  conducted  by  many  investi¬ 
gators  (Graf,  1960/  a,/  b,/  c/ ;  Le- 
Riche,  1959;  Degens  et  al.,  1958), 
have  led  to  environmental  interpre¬ 
tations  regarding  pH,  Eh,  temper¬ 
ature,  pressure,  biogenic  factors,  and 
diagenetic  processess.  Graf  (1960c), 
however,  has  concluded  that  no  one 
mechanism  can  be  assumed  respon¬ 
sible  for  the  presence  of  a  particular 
element  in  a  carbonate  rock  and  that 
time  of  introduction  of  an  element 
in  relation  to  post  -  depositional 
process  cannot  be  adduced  from 
the  presence  of  the  element.  Thus, 
other  data  are  required  to  ap¬ 
proach  these  problems  and  it  was 
felt  that  content  anaysis  in  re¬ 
lation  to  stratigraphic  sequence 
might  be  profitable. 

As  for  the  second  objective,  an  at¬ 
tempt  to  separate  rock  units  on  the 
basis  of  chemical  variation  was  un¬ 
dertaken  as  part  of  a  comprehensive 
investigation  of  the  descriptive  stra¬ 
tigraphy,  structure  and  paleontology 
of  the  Arrow  Canyon  Range.  Bed- 
level  units  comprising  most  of  the 
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Paleozoic  section  in  this  area  are 
relatively  unfossiliferous,  are  repeti¬ 
tive  in  gross  lithologic  properties, 
and  not  all  of  them  are  laterally  con¬ 
tinuous.  Thus  tracing  of  specific  sub¬ 
units  is  difficult  within  some  forma¬ 
tions  and  addition  of  an  analytically 
controlled  parameter  could  prove 
useful  for  description  and  in  both 
local  and  regional  correlation.  Chem¬ 
ical,  spectrographic  analysis  coupled 
with  the  quantitative  estimate  meth¬ 
od  of  Harvey  (1950)  was  selected 
as  a  rapid,  simple  and  economical 
method  suitable  for  a  predominately 
stratigraphic  study.  It  is  not  con¬ 
sidered,  however,  appropriate  for  re¬ 
fined  geochemical  investigation. 

Geology  and  Stratigraphy 

The  Arrow  Canyon  Range  is  al¬ 
most  entirely  within  the  bounds  of 
the  U.  S.  Geological  Survey  Arrow 
Canyon  Quadrangle  about  35  miles 


Figure  1. — Location  map  of  tlie  Arrow 
Canyon  Quadrangle. 


northeast  of  Las  Vegas,  Nevada 
(Fig.  1).  The  range  is  a  character¬ 
istic  basin  and  range  element  com¬ 
prised  of  Late  Cambrian  through 
Early  Permian  bedrock.  Structure 
within  the  mountain  block  is  rela¬ 
tively  complex ;  moderate  folding, 
thrust  faulting,  and  much  normal 
faulting  antedates  tilting  and  block 
faulting  responsible  for  the  present 
aspect  of  the  range.  General  geology 
and  stratigraphy  in  the  region  are 
treated  respectively  by  Longwell  et 
al.  (1965)  and  by  Langenheim  et  al. 
(1962). 

The  rocks  under  consideration  in¬ 
clude  the  topmost  three  informal 
units  within  the  Pogonip  Group, 
Opd,  Ope,  and  Opf,  as  recognized  by 
Langenheim  et  al.  (1962),  the  Late 
Ordovician  Ely  Springs  Dolomite, 
the  Silurian  Laketown  Dolomite  and 
the  Early  and  Middle  Devonian 
Piute  Formation.  The  Eureka  Quart¬ 
zite,  which  separates  the  Pogonip 
Group  from  the  Ely  Springs  Dolo¬ 
mite  was  not  sampled. 

The  Opd  Unit  consists  of  relatively 
thin -bedded,  readily  eroded  gray 
limestone  which  weathers  gray 
streaked  with  rusty  brown.  This 
easily  recognized,  bench  -  forming 
unit  is  about  335  feet  thick  at  the 
Monmouth  Gulch  Section  (Fig.  2)  ; 
and  is  regarded  as  equivalent  to  the 
Ranger  Mountain  Member  of  the  An¬ 
telope  Valley  Limestone  of  the  Pogo¬ 
nip  Group  as  recognized  by  Byers 
et  al.  (1961)  and  Ross  (1964).  The 
lithologic  character  of  bed-level  units 
in  this  section  are  described  in  detail 
in  Marks  (1966,  p.  29a-32). 

The  Ope  Unit  is  a  very  thick- 
bedded,  massive  gray  limestone 
which  weathers  gray.  This  unit 
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Figure  2.- — Geologic  map  of  a  part  of 
the  northwest  flank  of  the  Arrow  Canyon 
Range. 


forms  a  prominent  precipitous  cliff 
and  is  about  460  feet  thick  at  the 
Cornell  Gulch  Section  (Fig.  2). 
These  strata  appear  equivalent  to 
the  lower  portion  of  the  Aysees 
Member  of  the  Antelope  Valley 
Limestone  of  the  Pogonip  Group  as 
recognized  by  Byers  et  al.  (1961) 
and  by  Ross  (1964).  Only  the  up¬ 
permost  340  feet  of  this  formation 
were  sampled  for  this  study.  The 
lithologic  character  of  the  bed-level 
units  of  the  rocks  sampled  in  this 
section  are  described  in  detail  in 
Marks  (1966,  p.  33-34).  The  Opf 
Unit  is  a  heterogenous  mixture  of 
thick  and  thin  beds  of  limestone  with 
minor  amounts  of  dolomite.  Fresh 
rock  is  predominantly  gray  to  dark 
gray,  but  weathered  rock  ranges 


from  gray  through  buff  and  brown 
to  pink,  and  outcrops  are  strikingly 
banded.  This  bench  forming  unit 
is  about  385  feet  thick  at  the  Illinois 
Gulch  Section  (Fig.  2),  and  appears 
equivalent  to  the  upper  portion  of 
the  Aysees  Member  of  the  Antelope 
Valley  Limestone  of  the  Pogonip 
Group  as  recognized  by  Byers  et  al. 
(1961)  and  by  Ross  (1964).  The 
lithologic  character  of  the  bed-level 
units  of  this  section  are  described  in 
detail  in  Marks  (1966,  p.  35-41). 

The  Eureka  Quartzite  succeeds 
the  Pogonip  Group  in  the  Arrow 
Canyon  Range  and  consists  of  about 
100  feet  of  quartzite  at  the  Illinois 
Gulch  Section  (Langenlieim  et  al., 
1962). 

The  Ely  Springs  Dolomite  con¬ 
sists  of  black,  thick-bedded  dolomite 


Figure  3.— Geologic  map  of  the  Silica 
Quarry  area,  central  southeastern  flank 
of  the  Arrow  Canyon  Range. 
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which  weathers  black  capped  by  a 
relatively  thin  unit  of  thin-bedded, 
light  gray,  argillaceous  dolomite. 
The  formation  forms  a  prominent 
black,  cliffed  slope  in  marked  con¬ 
trast  to  the  pink  -  white  Eureka 
Quartzite  below,  and  is  about  350 
feet  thick  at  the  Silica  Quarry  Sec¬ 
tion  (Fig.  3).  The  lithologic  char¬ 
acter  of  the  bed-level  units  in  this 
section  are  described  in  detail  by 
Carss  (1962).  His  descriptions  and 
definitions  have  been  used  in  this 
study  with  the  exception  that  re¬ 
examination  of  the  rocks  in  the  field 
led  to  the  following  revision  of  his 
unit  4  (Carss,  1962)  : 


Unit  4 cl 


4d 


4e 


4  b 


4a 


3'8"  Dolomite;  gray,  weath¬ 
ers  brownish  gray,  slight¬ 
ly  mottled;  fine  to  me¬ 
dium-grained;  abundant 
“spaghetti -like”  struc¬ 
tures. 

2'7"  Dolomite;  black;  very 
fine-grained;  unfossilifer- 
ous. 

7'9"  Dolomite;  very  dark-gray 
to  black,  weathers  brown¬ 
ish-gray;  fine  grained; 
scattered  crinoid  ossicles. 

7'10"  Dolomite;  very  dark- 
gray,  weathers  gray; 
abundant,  impersistent 
chert  layers. 

7'4"  Dolomite;  buff,  weathers 
cream -  buff;  coarse¬ 
grained;  porous,  struc¬ 
tureless,  massive  bed¬ 
ding;  sharp  upper  con¬ 
tact;  few  crinoid  ossicles 
at  base. 


The  Laketown  Dolomite  consists 
of  a  lower  member  of  thick-bedded, 
coarse-grained,  porous,  gray  dolo¬ 
mite  and  an  upper  member  which  is 
thinner- bedded,  finer  -  grained,  and 
more  argillaceous.  These  rocks  are 
gray  to  light  gray  and  generally 
weather  light  gray,  forming  a  lower 
cliffed  portion  and  an  upper  slope 
of  benches  and  risers.  The  forma¬ 


tion  is  about  220  feet  thick  at  the 
Silica  Quarry  Section  (Fig.  3), 
where  K  e  n  n  e  r  1  y  (1959)  has  de¬ 
scribed  the  lithology  of  bed-level 
units  in  detail. 

The  Piute  Formation  is  a  hetero¬ 
genous  mixture  of  dolomite  and 
minor  sandstone.  At  the  Silica 
Quarry  Section  the  lowermost  mem¬ 
ber  consists  of  7  feet  of  rusty -weath- 
ering,  fine  to  medium-grained  sand¬ 
stone  and  gray,  sandy  dolomite. 
(Fig.  3).  This  is  succeeded  by  about 
55  feet  of  light- gray  weathering, 
fine-grained  dolomite  which  is  over 
lain  by  about  15  feet  of  strikingly 
alternating  layers  of  light  gray  and 
black  to  dark  graj^  dolomite.  Above 
this  about  90  feet  of  mottled,  gray 
dolomite  forms  a  slope  between  the 
banded  cliff  and  about  60  feet  of 
thick -bedded,  coarsely  crystalline, 
cliff -forming  dolomite  capped  by  the 
String  ocephalus  biostrome,  which  is 
about  25  feet  thick.  Details  of  the 
lithology  of  bed-level  units  in  this 
section  are  reported  by  Frost  (1963, 
p.  114-121). 


Sampling  and  Analytical 
Procedures 

Rocks  of  the  Opd-Opf  Units  of  the  Po- 
gonip  Group  were  sampled  at  the  site  of 
the  measured  section  traverses  in  Mon¬ 
mouth  Gulch,  Cornell  Gulch  and  Illinois 
Gulch  on  the  west  side  of  the  north  end 
of  the  Arrow  Canyon  Range  (Fig.  2). 
Rocks  of  the  Ely  Springs  Dolomite,  Lake- 
town  Dolomite  and  Piute  Formation 
were  sampled  in  the  vicinity  of  the 
Silica  Quarry,  about  midway  on  the 
southeast  side  of  the  Arrow  Canyon 
Range  (Fig.  3).  Exposures  are  essential¬ 
ly  complete  for  the  entire  sequence,  thus 
facilitating  definition  of  bed-level  units, 
and  from  each  selection  of  characteristic 
samples.  Rocks  along  all  of  the  traverse 
lines  had  been  painted  and  numbered  to 
show  limits  of  the  bed-level  units  and 
there  is  no  doubt,  therefore,  that  the 
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materials  under  study  here  are  the  same 
as  those  described  in  the  field  and  by 
conventional  petrographic  techniques  by 
Pierce,  Ely,  Carss  (1962),  Kennerly 
(1959)  and  Frost  (1963).  Throughout 
the  sequence,  at  least  one  hand-sized, 
“representative”  sample  was  collected 
from  each  unit,  but,  in  several  cases, 
specimens  were  taken  from  the  “top”, 
“middle’,  and  “base”  of  thick  units,  or, 
from  the  several  distinctly  different  lay¬ 
ers  within  lithologically  heterogeneous 
bed-level  units.  Sampling  bias  toward 
collection  of  rock  “fitting”  the  unit  de¬ 
scriptions  of  prior  investigators  and  fav¬ 
oring  collection  of  better  exposed  or 
more  readily  accessible  material  within 
a  unit  has  been  accepted  as  not  greatly 
influencing  the  overall  aspect  of  the  data 
within  a  formation-level  sequence.  It 
must  be  understood,  however,  that  in¬ 
terpretations  of  specific  samples  refer  to 
single  points  and  should  not  be  uncritic¬ 
ally  applied  to  an  entire  bed-level  unit. 

Ideally,  samples  should  have  been 
broken  from  each  unit  within  stated 
lateral  limits  and  spaced  evenly  or  con¬ 
tinuously  throughout  its  thickness.  In 
addition,  study  of  lateral  variation  in 
elemental  content  within  individual  bed- 
level  units  would  greatly  enhance  the 
significance  of  this  study.  Channel  samp¬ 
ling  and  lateral  variation  studies,  how¬ 
ever,  were  considered  beyond  the  scope 
of  an  investigation  chiefly  designed  to 
test  a  technique  and  to  produce  a  recon¬ 
naissance  examination  of  2,220  feet  of 
rock. 

Each  sample  was  hammered  to  frag¬ 
ments.  Thereafter  selected  unweathered 
fragments,  excluding  those  having  been 
in  contact  with  the  hammer,  were 
crushed  in  a  diamond  morter  to  an  ap¬ 
proximately  60-mesh  powder.  Fifty  mil¬ 
ligrams  of  randomly  segregated  rock 
powder  were  mixed  with  an  equal 
amount  (-0.001  g)  of  spectrographically 
pure  graphite  in  a  Spex  Industries  No. 
3111  mixing  vial  using  plexiglass  balls. 

Elemental  constituents  were  deter¬ 
mined  with  an  Applied  Research  Labora¬ 
tories  Spectrograpliic  Analyzer  (1.5  met¬ 
er,  filterless,  20  micron  slit  width)  using 
a  10  ampere  D.  C.  arc.  For  analysis,  ap¬ 
proximately  10  mg.  of  graphite-rock 
powder  mix  were  placed  in  a  National 
Carbon  Company,  type  SPK  L3709 
sample  electrode  opposed  by  a  National 
Carbon  Company,  type  SPK  L3757  coun¬ 
terelectrode.  Samples  were  exposed  ap¬ 
proximately  150  seconds  or  until  totally 
consumed.  A  spectral  region  ranging 


from  2450  to  4350  A  was  recorded  on 
Eastman  SA  #  1  film  which  was  de¬ 
veloped  in  Eastman  D-19  developer  for 
2  minutes  and  fixed  according  to  stand¬ 
ard  procedure.  Element  concentration 
was  determined  by  the  method  of  Harvey 
(1950,  p.  127-158).  Visual  estimate  of 
line  intensity  on  the  film  was  made 
using  an  Applied  Research  Laboratory 
Model  2250  Densitometer  in  order  to  ob¬ 
tain  a  range  of  values  for  specific  ele¬ 
ments.  Wave  lengths  and  basic  sensitivi¬ 
ties  of  all  elements  noted  in  analysis  are 
as  follows: 

Element  Wave  length  Line  sensitivity 


Ag 

3280.7 

(A) 

.0001 

A1 

2652.5 

(B) 

.01 

Ca 

4302.5 

(B) 

.01 

Cr 

2731.9 

(B) 

.1 

Cu 

3094.0 

(B) 

.1 

Fe 

3100.6 

(B) 

.1 

Mg 

2779.8 

(B) 

.01 

Mn 

2933.1 

(B) 

.01 

Ni 

3413.9 

(B) 

.1 

Si 

2881.6 

(A) 

.001 

Sn 

2840.0 

(A) 

.001 

Ti 

2942.0 

(B) 

.001 

V 

2952.1 

(B) 

.01 

Data 

Figures  4  through  8  show  the  degree 
of  spectrograpliic  line  blackening,  ex¬ 
pressed  on  a  visually  estimated  scale  of 
0  to  10,  plotted  against  a  columnar  sec¬ 
tion  of  the  rocks  under  study.  The  line¬ 
blackening  or  abundance  curve  is  based 
on  195  samples  related  to  bed-level  units 
throughout  the  sequence.  Of  these  samp¬ 
les;  31  are  from  the  Opd  Unit,  21  from 
the  Ope  Unit,  65  from  the  Opf  Unit,  22 
from  the  Ely  Springs  Dolomite,  17  from 
the  Laketown  Dolomite,  and  39  from  the 
Piute  Formation.  Among  all  samples 
there  are  112  of  limestone  and  silty 
limestone,  81  of  dolomite  and  sandy  or 
silty  dolomite,  and  2  of  siliceous  sand¬ 
stone. 

The  approximate  range  of  elemental 
concentration  was  determined  according 
to  Harvey’s  (1950)  method  (Tables  1-6). 
Thus,  for  a  visually  estimated  intensity 
of  8  for  magnesium,  manipulation  of  the 
basic  sensitivity  for  the  analysis  line,  a 
multiplicative  factor,  the  type  of  line, 
and  a  matrix  factor  would  yield  a  per¬ 
centage  range  of  .3  to  3%  (Harvey,  1950, 
p.  148-158).  Intensity  readings  of  10, 
however,  are  considered  to  result  from 
major  constituents  present  in  a  range  of 
from  10  to  100%;  indicated  by  an  “X”  in 
the  tables. 
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for  each  element. 


Iron,  magnesium,  calcium,  aluminum, 
and  manganese  are  essentially  ubiqui¬ 
tous  in  the  sequence  under  study  and  are 
grouped  as  “major  constituents”.  Copper. 


nickel,  chromium,  silver,  tin,  titanium, 
and  vanadium  are  restricted  in  range  of 
occurrence  and  generally  are  in  trace 
amounts  or  are  minor  constituents. 
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Figube  5. — Plot  of  spectrographic  film  blackening  for  elements  in  the  Pogonip 
Group,  uppermost  Opd  Unit  and  lower  Ope  Unit.  Film  blackness  is  shown  against  an 
arbitrary  intensity  scale  for  each  element. 


Iron  displays  an  interesting  concen¬ 
tration  pattern  which  appears  strati- 
graphically  significant.  Within  the  Opd 
Unit,  the  Opf  Unit,  the  Ely  Springs  Dolo¬ 


mite  and  the  Laketown  Dolomite,  iron 
progressively  decreases  in  intensity  from 
the  base  upwards.  Furthermore,  at  the 
top  of  all  these  units,  excepting  the  Ely 
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Figure  6. — Plot  of  spectrographic  film  blackening  for  elements  in  the  Pogonip 
Group,  uppermost  Ope  Unit  and  Opf  Unit.  Film  blackness  is  shown  against  an  arbi¬ 
trary  intensity  scale  for  each  element. 


Springs  Dolomite,  the  iron  content  mark¬ 
edly  increases.  In  the  Ely  Springs  Dolo¬ 
mite,  however,  the  decreasing  trend  in 
iron  content  is  ended  by  a  large  increase 
in  beds  12  and  13. 


Calcium  and  magnesium,  of  course,  are 
major  constituents  and  produced  lines  of 
strong  intensity  for  all  samples.  There  is 
an  inverse  relationship  in  the  relative 
intensity  of  these  elements  in  any  given 
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Figure  7. — Plot  of  spectographic  film  blackening  for  elements  in  the  Pogonip 
Group,  uppermost  Opf  Unit;  Ely  Springs  Dolomite  and  lower  Laketown  Dolomite. 
Film  blackness  is  shown  against  an  arbitrary  intensity  scale  for  each  element. 


sample  which  is  consistent  with  field 
identifications  of  the  rocks  as  either 
limestone  or  dolomite. 


Aluminum  and  silicon  concentration 
patterns  are  approximately  parallel.  De¬ 
viations  as  in  unit  72  of  the  Opf  Unit, 
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Figure  8. — Plot  of  spectrographic  film  blackening  for  elements  in  the  uppermost 
Laketown  Dolomite  and  Piute  Formation.  Film  blackness  is  shown  against  an  arbi¬ 
trary  intensity  scale  for  each  element. 


generally  occur  in  the  form  of  the  silicon 
content  not  paralleling  a  decrease  in 
aluminum. 

Manganese  intensity  patterns  roughly 
parallel  those  of  iron. 

The  remaining  elements,  copper, 
nickel,  chromium,  silver,  tin,  titanium, 
and  vanadium  are  not  ubiquitous,  but 
occur  in  isolated  bed-level  units  or  se¬ 
quences  of  bed-level  units.  Copper  occurs 
more  less  sporadically  throughout  the 
sequence,  but  is  somewhat  more  wide¬ 
spread  in  the  Op£  Unit.  Nickel  is  absent 
in  the  Pogonip  Units  and  the  Ely  Springs 
Dolomite,  with  the  exception  of  a  rela¬ 


tively  high  concentration  in  bed-level 
unit  16  of  the  Opf  Unit.  In  marked  con¬ 
trast,  nickel  is  almost  continuously  pres¬ 
ent  between  the  middle  portion  of  bed- 
level  unit  7  of  the  Laketown  Dolomite 
and  bed-level  unit  104  of  the  Piute  For¬ 
mation.  In  this  sequence  it  is  accompan¬ 
ied  by  sporadically  occurring  copper. 
Chromium  and  silver  are  essentially  con¬ 
fined  to  the  Opd  Unit  where  their  occur¬ 
rence  is  sporadic.  Finally,  tin,  titanium 
and  vanadium  are  of  extremely  limited 
occurrence.  Tin  was  detected  only  in 
bed-level  unit  16  of  the  Opf  Unit  where 
it  is  associated  with  relatively  high  con- 


Table  1. — Concentration  Ranges  for  Elements  in  the  Pogonip  Group  Opd  Unit.  Numbers  in  Left-hand  Column  Refer  to 
Specimens  as  Noted  in  Figs.  4-8.  “X”  Equals  Concentrations  in  Excess  of  10%. 
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to  Specimens  as  Noted  in  Figs.  4-8.  “X”  Equals  Concentrations  in  Excess  of  10%. 
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Table  6. — Concentration  Ranges  for  Elements  in  the  Piute  Formation.  Numbers  in  Left-hand  Column  Refer  to  Specimens 
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centrations  of  copper  and  nickel  along 
with  iron  and  manganese.  Titanium  and 
vanadium  occur  together  only  in  unit  1 
of  the  Ely  Springs  Dolomite  in  approxi¬ 
mate  concentrations  of  .1  to  1%. 

Discussion  and  Interpretation 

The  factors  governing  elemental 
composition  of  a  sedimentary  rock 
do  not  differ  in  any  significant  re¬ 
spect  from  those  governing  the  com¬ 
position  of  the  rock  expressed  in 
mineralogic  or  biogenic  terms.  The 
agents  responsible  for  the  occurrence 
of  minerals  and  biological  materials 
are  also  responsible  for  the  presence 
of  the  elements  that  make  up  these 
substa  nces .  Elemental  s  p  e  c  t  r  o  - 
graphic  analysis,  however,  does  pre¬ 
sent  some  advantages  for  strati¬ 
graphic  and  environmental  interpre¬ 
tation.  Among  these  are  the  follow¬ 
ing  :  (1)  Attention  is  concentrated 
on  the  most  simple  compositional 
parameters.  (2)  Analytical  methods 
may  be  reduced  to  simple,  rapid  and 
economic  techniques  permitting  the 
routine  processing  of  large  amounts 
of  material.  (3)  The  data  obtained 
are  completely  compatible,  regard¬ 
less  of  their  rock  source. 

Stratigraphic  analysis  of  ele¬ 
mental  composition  may  proceed  at 
the  level  of  major  constituent  com¬ 
position,  may  be  based  on  occurrence 
of  minor  constituent  composition,  or 
may  be  based  on  the  quantity  of  a 
minor  constituent.  In  the  first  in¬ 
stance,  lithologic  units  at  all  levels 
are  characterized  by  the  assemblage 
of  major  elemental  constituents  and 
their  relative  abundance.  Thus,  the 
limestone  units  of  the  Pogonip 
Group  are  distinguished  from  the 
dolomitic  Ely  Springs  Dolomite, 
Laketown  Dolomite  and  Piute  For¬ 


mation  by  dominance  of  calcium 
over  magnesium.  The  distribu¬ 
tion  of  iron,  however,  is  of  more 
interest,  as  the  relatively  high 
concentration  of  this  element  in 
unit  13  of  the  Ely  Springs  Dolo¬ 
mite  tends  to  relate  unit  13  more 
closely  with  the  overlying  Laketown 
Dolomite. 

Paleontologic  data  and  the  distri¬ 
bution  and  gross  lithologic  character 
of  the  later  Early  Ordovician 
through  Middle  Devonian  rocks  of 
Nevada  indicate  the  precence  of  re¬ 
gional  unconformities  at  the  base  of 
the  Eureka  Quartzite,  at  the  base 
of  the  Early  Devonian  and  at  the 
base  of  the  Middle  Devonian.  At 
the  Arrow  Canyon  Range  the  latter 
two  unconformities  are  closely 
spaced  within  the  lowermost  portion 
of  the  Piute  Formation  and  Early 
Devonian  rocks  are  only  sporadically 
present  and  are  very  thin.  In  the 
light  of  these  data,  iron  distribution 
in  the  Arrow  Canyon  sequence  ap¬ 
pears  to  show  a  consistent  relation¬ 
ship  in  which  iron  concentrations 
are  greatest  in  the  rocks  directly 
above  the  surfaces  of  unconformity 
below  the  Ely  Springs  Dolomite  and 
below  the  Piute  Formation.  The  se¬ 
quence  above  these  positions  shows 
a  more  or  less  steady  decrease  in 
iron  content. 

When  this  generalization  is  ap¬ 
plied  to  the  occurrence  in  unit  13 
of  the  Ely  Springs  Dolomite,  it  sug¬ 
gests  that  there  may  be  an  uncon¬ 
formity  below  unit  13.  A  marked 
increase  in  insoluble  residue  content 
and  an  abrupt  change  in  color  and 
grain  size  also  occur  at  this  level 
tending  to  support  such  a  conclu¬ 
sion.  Tiie  fauna  which  occurs  in 
Reso’s  (1963,  p.  907,  PI.  2)  upper 
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member  of  the  Ely  Springs  Dolo¬ 
mite  in  the  Pahranagat  Range,  an 
apparent  correlative  of  unit  13,  how¬ 
ever,  is  of  Late  Ordovician  age. 
Thus,  if  unit  13  and  the  Laketown 
Formation  are  part  of  a  continu¬ 
ously-deposited  sequence,  some  of  the 
lower  portion  of  the  Laketown 
Dolomite  at  this  locality  must  be  of 
Early  Silurian  age.  Thus  far,  how¬ 
ever,  no  Early  Silurian  fossils  have 
been  recovered  from  the  Laketown 
Dolomite  in  any  part  of  eastern  and 
southern  Nevada  or  western  Utah. 
All  of  the  fossils  reported  from  the 
Laketown  Dolomite  in  the  area  have 
been  assigned  a  Middle  Silurian  or 
younger  age.  Our  knowledge  of  the 
bio-stratigraphic  data  are  not  ade¬ 
quate  to  test  the  hypothesis  that  iron 
distribution  within  the  Opd  and  Opf 
Units  of  the  Pogonip  Group  indi¬ 
cates  an  unconformity. 

In  any  event  Krumbein  and  Gar- 
rels  (1952)  have  concluded  that  iron 
compounds  are  most  abundant  in 
near-shore  marine  environments  and 
that  marine  limestone  deposited  off¬ 
shore  should  have  little  or  no  co¬ 
precipitation  of  si  derite  or  hematite. 
Thus,  theoretical  geochemical  con¬ 
siderations  as  well  as  stratigraphic 
distribution  of  iron  in  the  Arrow 
Canyon  Range  sequence  are  conson¬ 
ant  with  deposition  in  shallow  en¬ 
vironments  and,  in  otherwise  ambig¬ 
uous  situations,  a  relatively  high 
concentration  might  be  taken  as  in¬ 
dicative  of  unconformity  or  shallow¬ 
ing  in  the  depositional  environment. 

Concentrations  of  minor  elements 
tend  to  characterize  specific  units 
and  may  be  as  unique  as  heavy  min¬ 
eral  or  insoluble  residue  characters 
in  identification  of  such  units  for 
physical  correlation.  Occurrence  of 


nickel  appears  to  characterize  the 
uppermost  Laketown  Dolomite  and 
the  bulk  of  the  Piute  Formation  and 
may  be  of  value  in  correlation.  The 
unique  occurrence  of  tin  in  bed-level 
unit  16  of  the  Opf  Unit  of  the  Pogo¬ 
nip  Group  and  the  joint  occurrence 
of  titanium  and  vanadium  in  bed- 
level  unit  1  of  the  Ely  Springs  Dolo¬ 
mite  are  examples  of  such  poten¬ 
tially  identifiable  key-beds. 

Although  many  factors  affect  the 
transport  and  deposition  of  any 
given  element,  elemental  occurrences 
may  vield  useful  data  for  ecological 
interpretation.  Copper  is  notably 
concentrated  by  some  marine  algae 
in  modern  environments  and  it 
should  be  noted  that  bed-level  units 
six  and  fourteen  of  the  Op,i  Unit  of 
the  Pogonip  Group  are  characterized 
by  both  fossil  algal  remains  and  rel¬ 
atively  high  copper  content.  Perhaps 
some  of  the  other  copper  “highs” 
in  the  Pogonip  Group,  the  Ely 
Springs  Dolomite  and  the  Piute 
Formation  may  be  associated  with 
as-3ret  unnoticed  algal  fossils  or  the 
concentrations  may  result  from  al¬ 
gae  which  left  no  other  trace. 

Occurrence  of  tin  in  bed-level  unit 
16  of  the  Opf  Unit  of  the  Pogonip 
Group  may  possibly  result  from 
organic  concentration.  Bowen  and 
Sutton  (1951)  report  tin  to  be  con¬ 
centrated  by  a  modern  sponge  spe¬ 
cies  and  sponge  fossils  are  relatively 
widespread  in  the  Opf  Unit  and  re¬ 
lated  rocks.  Otherwise  it  is  difficult 
to  account  for  tin  in  a  carbonate 
rock.  Copper  and  nickel  are  also 
present  and  relatively  abundant  in 
this  particular  sample.  Silver  is  also 
known  to  be  concentrated  by  certain 
marine  organisms,  but  there  appears 
to  bo  no  suggested  relationship  be- 
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tween  silver  occurrence  and  that  of 
any  particular  fossil  group  at  Arrow 
Canyon. 
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WEIGHTS  OF  COMPONENT  PARTS  OF  THE  INCUBATING 

EGG  OF  THE  JAPANESE  QUAIL 
(COTURNIX  COTURNIX  JAPONIC  A ) 


FLORENCE  M.  FOOTE 

Southern  Illinois  University,  Carhondale 


Abstract.- — Because  of  its  short  period 
of  embryonic  development  and  the  early 
age  of  attaining  sexual  maturity,  the 
Japanese  quail  is  well  suited  for  use  in 
genetics  and  in  the  analysis  of  factors 
involved  in  morphogenesis.  Certain 
measurements  of  normal  conditions  are 
essential,  both  to  an  understanding  of 
experimental  results,  and  to  the  compari¬ 
son  of  the  Japanese  quail  with  other 
species  of  birds.  Various  components 
(shell,  embryo,  albumen,  yolk  and  allan¬ 
tois)  were  weighed  from  eggs  taken  at 
intervals  from  the  fifth  through  the  fif¬ 
teenth  day  of  incubation.  Results  will  be 
presented  in  tabular  and  graphic  form. 


The  use  of  the  Japanese  quail  as 
a  pilot  animal  for  laboratory  re¬ 
search  in  this  country  is  a  develop¬ 
ment  of  the  last  decade,  although  the 
bird  has  been  known  for  centuries. 
Padgett  and  Ivey  of  Auburn  Uni¬ 
versity,  Alabama  (1959)  and  Wil¬ 
son,  Abbott  and  Abplanalp  of  the 
University  of  California,  Davis 
(1959,  1961)  pioneered  in  this  work. 
In  both  of  these  laboratories  the  in¬ 
terest  has  been  primarily  in  poultry 
research  from  the  agricultural  point 
of  view.  There  have  also  been  stud¬ 
ies  with  the  emphasis  on  Wildlife 
Management  (Edwards,  1957 ;  Stan¬ 
ford,  1957;  Wetherbee,  1959). 

The  fact  that  the  incubation  pe¬ 
riod  of  this  quail  is  only  16  days 
makes  it  a  valuable  and  interesting 


species  for  embryological  investiga¬ 
tion.  As  is  usual  when  a  little-known 
organism  is  employed  for  experi¬ 
mental  purposes,  normal  morpho¬ 
logical  features  should  be  explored 
at  the  same  time.  Thus,  various  in¬ 
vestigators  have  contributed  to  our 
knowledge  of  normal  development 
that  portion  which  was  particularly 
applicable  to  their  respective  proj¬ 
ects.  For  example,  see  Padgett  and 
Ivey  (1960),  Zacchei  (1961),  and 
Abbott  and  Craig  (1964)  for  ex¬ 
ternal  features,  McFarland  and  Wil¬ 
son  (1965)  for  brain,  Kannankeril 
and  Domm  (1964)  for  ovary,  Haffen 
(1964)  for  sexual  differentiation, 
and  Yasuda  and  Ariyuki  (1966)  for 
teratology. 

In  the  course  of  a  study  of  albu¬ 
men  utilization  in  the  avian  embryo 
in  our  laboratory,  the  weights  of  the 
various  components  of  the  incubat¬ 
ing  egg  have  been  obtained,  adding 
one  more  parameter  to  the  available 
information  on  the  quail. 

Materials  and  Methods 

One  hundred  sixty  five  Coturnix  eggs 
were  incubated.  Of  these,  62,  or  37.58%, 
were  found  to  be  fertile.  At  intervals 
from  the  6th  through  the  15th  day  of 
incubation  the  entire  egg  was  weighed. 
The  components  were  then  separated 
and  weighed  individually  on  a  Mettler 
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Table  1. — Weights  of  components  of  incubating  Japanese  quail  egg. 
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Days 

Incu¬ 

bated 

Num¬ 

ber 

of 

Eggs 

Total  Weight 

Albumen  Weight 

Yolk  Weight 

Embryo  Weight 

Range 

Av. 

Range 

Av. 

Range 

Av. 

Range 

Av. 

5 . 

2 

0.06-0.11 

0.09 

6 . 

5 

8.45-10.92 

9.62 

1.13-1.85 

1.46 

5.48-7.09 

6.20 

0.11-0.32 

0.26 

ey2 . 

3 

8.02-  9.02 

8.367 

1.42-1.89 

1.730 

4.98-5.26 

4.85 

0.38-0.46 

0.41 

7 . 

5 

8.48-10.52 

9.678 

1.59-1.88 

1.740 

4.61-6.35 

5.58 

0.50-1.14 

0.73 

8 . 

2 

10.37-11.50 

10.935 

2.09-2.62 

2.36 

6.08-6.33 

6.21 

0.82-0.89 

0.86 

9 . 

5 

8.70-  9.85 

9.292 

1.68-2.14 

1.860 

4.55-5.59 

5.03 

0.79-1.22 

1.05 

10 . 

2 

7.81-10.20 

9.005 

1.32-1.97 

1.65 

3.85-5.39 

4.62 

1.38-1.40 

1.39 

11 . 

5 

8.17-  9.38 

8.844 

0.22-1.64 

0.910 

3.33-5.52 

4.77 

2.14-2.79 

2.38 

12 . 

9 

7.39-10.52 

9.047 

0.00-0.95 

0.42 

3.12-5.78 

4.25 

2.47-3.88 

3.14 

ny2 . 

5 

8.07-  9.39 

8.734 

0.00-0.14 

0.09 

3.20-4.41 

3.96 

3.34-3.81 

3.60 

13 . 

9 

6.66-11.12 

8.889 

0.00-1.40 

0.19 

2.33-5.82 

3.99 

2.63-4.72 

3.51 

14 . 

6 

8.09-10.40 

9.293 

0.00-0.30 

0.05 

2.77-4.35 

3.69 

4.00-4.58 

4.36 

15 . 

4 

8.09-10.21 

8.833 

00 

0 

1.76-3.22 

2.40 

5.04-5.70 

5.26 

balance.  The  data  included  weights  for 
the  embryo,  for  the  shell  with  shell 
membranes,  for  the  albumen  in  the  al¬ 
bumen  sac,  and  for  the  remaining  ma¬ 
terial  which  was  largely  yolk  and  yolk 
sac,  but  which  also  contained  the  allan¬ 
toic  and  anmiotic  membranes.  Averages 
for  each  age,  ranges,  and  percentage  of 
the  whole  represented  by  each  compon¬ 
ent  were  tabulated  and  plotted. 

Results 

The  average  weight  of  the  Japanese 
quail  egg  from  this  flock  is  9  grams.  Of 
this,  the  shell  and  shell  membrane  com¬ 
prise  one  gram.  Table  1  lists  the  number 
of  embryos  available  at  ages  6  to  15  days 
of  incubation,  the  average  weights  and 
their  ranges  of  the  embryos,  the  albu¬ 
men,  and  of  the  yolk  with  attached 
structures.  The  average  weights  are 
plotted  in  Figure  1  and  the  percentage 
of  the  whole  egg  which  each  component 
represents  in  Figure  2.  The  two  curves 
closely  parallel  each  other. 

The  weight  of  the  embryo  on  the  day 
before  it  hatches  is  5.0  to  5.7  grams,  but 
this  is  not  achieved  as  a  result  of  a  uni¬ 
form  growth  rate  throughout  the  incu¬ 
bation  period.  At  about  the  10th  day  a 
marked  increase  in  the  rate  of  growth 
begins.  This  is  demonstrated  by  obser¬ 
vation  of  the  changing  slope  of  the 
curves  in  both  figures,  whether  plotted  as 
average  weights  or  as  percentages.  At 
the  same  time,  there  is  a  pronounced  de¬ 


crease  in  the  weight  of  the  albumen. 
These  weight  changes  between  10  and 
1214  days  of  incubation  appear  to  be 
correlated,  as  is  indicated  in  the  discus¬ 
sion  of  the  swallowing  of  albumen  by 
the  embryo.  From  the  13th  to  the  15th 
day  little  if  any  albumen  remains  in  the 
albumen  sac,  but  the  embryo  continues 
to  increase  in  weight.  There  is  a  non- 
uniform  but  continual  decrease  in  the 
amount  of  yolk  throughout  the  period 
under  consideration,  but  it  is  especially 
pronounced  during  the  last  two  days. 

Discussion 

It  lias  been  demonstrated  that 
some  species  of  avian  embryos  swal¬ 
low  the  albumen  at  a  given  period 
during  their  development  (Witschi, 
1949;  Skrivanek,  1964).  This  is  pos¬ 
sible  because  of  the  formation  of  a 
sero-amniotic  duct  allowing  the  pass¬ 
age  of  albumen  into  the  amniotic 
cavity  (Romanoff,  1952,  1960).  In 
the  Japanese  quail  such  a  movement 
of  albumen  may  be  taking  place  dur¬ 
ing  the  10th,  11th,  and  12th  days 
of  incubation.  This  then  would  ac¬ 
count  for  the  marked  increase  in 
embryonic  weight  and  decrease  in 
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Figures  1  and  2.  —  1.  Weight  in  grams 
of  embryo,  albumen  in  albumen  sac,  and 
yolk  with  yolk  sac  and  allantois  attached 
of  the  incubating  quail  egg  from  the 
6th  through  the  15tli  day.  2.  Weight  of 
components  of  incubating  quail  egg  as 
a  percentage  of  the  total  egg  weight 
from  the  6th  through  the  15th  day. 


weight  of  albumen  that  take  place 
at  that  stage  of  development.  Ac¬ 
cording  to  Witschi  (1949),  loss  of 
water  from  the  albumen  during  in¬ 
cubation,  even  under  optimal  con¬ 
ditions  of  humidity,  accounts  for 
part  of  the  loss  of  both  weight  and 
volume  of  the  albumen. 


The  growth  rate  of  embryos  is  us¬ 
ually  high  in  early  stages,  after 
which  the  rate  declines  as  birth  or 
hatching  approaches.  This  is  the 
case  in  the  figures  presented  for  the 
Japanese  quail,  except  for  the 
change  between  the  10th  and  11th 
days.  Again,  this  weight  gain  may 
not  represent  true  growth,  but  may 
be  further  evidence  of  the  swallow¬ 
ing  of  the  albumen  at  that  time. 

Shortly  before  hatching,  the  yolk 
sac  is  withdrawn  into  the  body  cav¬ 
ity.  The  sharp  drop  in  weight  of 
yolk  and  associated  structures  be¬ 
tween  the  14th  and  15th  days  is 
most  likelv  attributable  to  this  event. 
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HYBRIDS  BETWEEN  THE  CYPRINODONTID  FISHES, 
FUNDULUS  NOTATUS  AND  FUNDULUS  OLIVACEUS 

IN  SOUTHERN  ILLINOIS 


JAMIE  E.  THOMERSON 
Faculty  of  Biological  Science 
Southern  Illinois  University,  Edwardsville 


Abstract.  —  Three  Fundulus  notatus 
X  Fundulus  olivaceus  from  the  Little 
Saline  River  were  generally  intermedi¬ 
ate  between  the  parent  species  but  had 
unusually  broad  heads.  These  were  the 
only  hybrids  found  out  of  805  specimens 
examined.  Fundulus  notatus  outnum¬ 
bered  F.  olivaceus  by  10  to  1  at  the 
hybrid  locality.  Rare  local  hybridization 
thus  may  have  an  effect  on  F.  olivaceus. 


Reports  of  natural  hybrids  of  cy- 
prinodontid  fishes  are  few.  Hubbs, 
Walker  and  Johnson  (1943)  re¬ 
ported  one  Fundulus  diaphanus  X 
Fundulus  heteroclitus ,  one  Fundulus 
sciadicus  X  Fundulus  (as  Planet er- 
us)  kansae,  and  four  Lucania  (as 
Chriopeops)  goodei  X  Lucania 
parva  specimens.  Two  Fundulus  no¬ 
tatus  X  Fundulus  olivaceus  hybrids 
have  been  previously  reported  (Tho¬ 
merson,  1966),  one  front  Louisiana, 
the  other  from  Mississippi.  These 
seeem  to  be  the  only  reliable  reports 
of  North  American  cyprinodontid 
hybrids. 

Even  though  natural  cyprinodon¬ 
tid  hybrids  are  rare,  several  workers 
have  had  considerable  success  in 
making  experimental  crosses  be¬ 
tween  various  species  of  Fundulus 
(see  Hubbs  and  Drewry,  1959,  for  a 
review).  Particular  success  lias  been 
realized  in  obtaining  F.  notatus  X 


F.  olivaceus  hybrids  by  placing  a 
ripe  male  of  one  species  with  a  ripe 
female  of  the  other  in  an  aquarium 
and  allowing  them  to  spawn  “nat¬ 
urally”  (Thomerson,  1966).  The 
resulting  hybrids  were  vigorous, 
fertile,  sexually  active  and  were 
spawned  successfully  with  other  hy¬ 
brids  and  backerossed  with  both 
parent  species. 

This  paper  reports  an  additional 
three  specimens  of  F.  notatus  X  F. 
olivaceus  taken  in  southern  Illinois 
and  compares  them  with  their  parent 
species  and  the  laboratory  hybrids 
described  by  Thomerson  (1966). 

Hybrid  Analysis 

The  three  hybrids  were  collected  30 
Sept.  1966  from  the  Little  Saline  River 
at  U.  S.  Hwy.  45  in  Saline  Co.,  Ill.  An 
effort  had  been  made  to  collect  as  many 
Fundulus  as  possible  for  another  study 
and  128  F.  notatus  and  12  F.  olivaceus 
were  taken  in  addition  to  the  hybrids. 
The  three  hybrids  were  males,  as  were 
the  two  previously  reported  natural  hy¬ 
brids  (Thomerson,  1966),  and  about  the 
same  size  (40.7,  39.2,  37.2  mm  Standard 
Length,  respectively)  as  the  young  of 
the  year  F.  olivaceus  taken  with  them. 

A  comparison  of  parental  populations 
and  laboratory-reared  hybrids  was  given 
by  Thomerson  (1966,  Table  10.,  p.  42), 
who  found  male  hybrids  were  inter¬ 
mediate  in  dorsolateral  spotting  and  gen¬ 
eral  appearance  but  tended  to  have 
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broader  heads  and  more  anal  fin  spots 
than  males  of  either  parent  species.  The 
laboratory  hybrids  resembled  F.  notatus 
in  number  of  anal  rays  and  lateral  scales 
but  resembled  F.  olivaceus  in  number  of 
lateral  stripe  extentions.  Both  Braasch 
and  Smith  (  1965  )  and  Thomerson 
(1966)  agreed  there  were  significant  dif¬ 
ferences  in  average  number  of  dorsal 
rays  between  Upper  Mississippi  Valley 
populations  of  F.  notatus  and  F.  oli¬ 
vaceus.  However,  there  was  no  signif¬ 
icant  difference  in  this  character  be¬ 
tween  the  populations  where  Thomerson 
obtained  the  parents  of  his  experimental 
hybrids. 

These  characters  were  studied  for  the 
three  Little  Saline  River  hybrids  and 
for  samples  of  the  F.  olivaceus  and  F. 
notatus  collected  with  them.  Counts  and 
measurements  were  made  as  described 
by  Thomerson  (1966)  except  as  noted 


Figure  1.  —  Little  Saline  River  hy¬ 
brids  and  males  of  the  parent  species 
from  the  same  collection.  A — Fundulus 
olivaceus  male,  40.7  mm  SL.  B,  C,  D — 
j Funclulus  notatus  X  Fundulus  olivaceus 
males;  39.2,  37.2,  and  40.7  mm  SL  re¬ 
spectively.  E — Fundulus  notatus  male, 
35.0  mm  SL. 


below. 

The  hybrids  were  first  recognized  on 
the  basis  of  their  distinctive  intermed¬ 
iate  color  pattern  (Fig.  1.).  Specimens 
of  Fundulus  olivaceus  have  a  variable 
number  of  distinct,  regular  dark  dor¬ 
solateral  spots;  specimens  of  F.  notatus, 
on  the  other  hand,  are  often  immaculate, 
but  may  have  scattered,  dusky  irregular 
dorsolateral  spots  or  blotches.  The  hy¬ 
brids  had  regular  dusky  dorsolateral 
spots.  The  four  F.  olivaceus  males  col¬ 
lected  with  the  hybrids  had  48,  46,  32, 
and  32  dorsolateral  spots  respectively 
(all  spots  counted  on  left  side).  The 
three  hybrids  had  43,  38,  and  21  spots 
respectively.  Though  larger  F.  olivaceus 
males,  and  possibly  hybird  males  as 
well,  tend  to  have  more  dorsolateral 
spots  than  small  males,  these  males 
were  of  similar  size,  and  thus  size  was 
probably  not  responsible  for  the  dif¬ 
ferences  in  number  of  dorsolateral  spots. 
One  of  the  Little  Saline  River  hybrids 
had  fewer  spots  than  any  of  the  F.  oli¬ 
vaceus  males  in  the  same  collection.  The 
other  two  hybrids  had  more  spots  than 
two  of  the  four  F.  olivaceus  males.  Lab¬ 
oratory  male  hybrids  tended  to  have 
an  intermediate  number  of  dorsolateral 
spots  (Thomerson,  1966),  and  a  larger 
sample  of  natural  hybrids  might  show 
a  stronger  trend  toward  intermediacy. 

Little  Saline  River  F.  notatus  had  the 
dorsal  scales  sharply  outlined  with  mel- 
anophores  and  the  dorsum  thus  had  a 
crossliatched  appearance.  Fundulus  oli¬ 
vaceus  from  this  collection  had  poorly 
defined  scale  outlines  and  their  dorsums 
had  a  fairly  uniform  dusky  cast.  The 
dorsum  of  the  hybrids  was  intermediate 
in  pattern.  Neither  the  hybrids  nor  the 
F.  olivaceus  in  this  collection  had  the 
line  of  predorsal  spots  or  dashes  seen 
in  spotted  or  blotched  F.  notatus. 

Fundulus  olivaceus  males  from  this 
collection  had  a  reduced  number  of  ex 
tentions  to  the  rear  one  third  of  the 
lateral  stripe.  The  F.  notatus  males 
and  the  three  hybrids  had  strongly  de¬ 
veloped  extentions  to  this  portion  of  the 
lateral  band. 

Although  average  head  width  of  the 
laboratory  hybrids  was  significantly 
greater  than  that  of  samples  from  either 
parent  population,  there  was  consider¬ 
able  overlap  (Thomerson,  1966).  Rela¬ 
tionship  of  head  width  of  the  three 
Little  Saline  River  hybrids  to  those  of 
samples  of  F.  notatus  and  F.  olivaceus 
collected  with  them  is  shown  in  Figure 
2.  There  is  no  sexual  dimorphism  in 
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Table  1. — Comparison  of  Meristic  Characters  of  the  Little  Saline  River  Hybrids  and  the 
Parent  Species. 


Num¬ 

ber 

Dorsal 

Rays 

Anal  Rays 

Lateral  Scales 

9 

10 

11 

12 

13 

32 

33 

34 

35 

36 

Hybrids . 

3 

1 

2 

1 

1 

1 

1 

2 

F.  olivaceus . 

11 

1 

10 

2 

7 

2 

1 

1 

5 

3 

1 

F.  notatus . 

11 

8 

3 

.... 

9 

2 

4 

5 

.... 

2 

.... 

this  character  and  seven  females  are 
included  in  the  F.  olivaceus  sample.  The 
hybrid  sample  is  small  for  statistical 
treatment  but  it  seems  clear  that  they 
have  the  same  relationship  to  their  par¬ 
ent  populations  as  did  the  laboratory 
hybrids. 

There  were  no  appreciable  consistent 
differences  in  anal  fin  spotting  between 
the  Little  Saline  River  Fundulus  males. 

Dorsal  ray,  anal  ray,  and  lateral-scale 
counts  are  given  in  Table  1.  Two  of 
the  hybrids  had  10  dorsal  rays,  the  usual 
number  for  Upper  Mississippi  Valley  F. 
olivaceus ;  the  other  had  9  dorsal  rays, 
the  usual  number  for  F.  notatus  in  this 
region.  The  three  hybrids  had  different 
anal  ray  numbers.  The  range  of  varia¬ 
tion  in  this  character  (11-13)  was  the 
same  as  seen  in  167  Mississippi  River 
sissippi  River  F.  olivaceus  (see  Tables 
F.  notatus  and  in  269  out  of  270  Mis- 
2  and  6,  Thomerson,  1966).  Two  of  the 
hybrids  had  34  lateral  scales,  the  usual 


number  for  Mississippi  River  F.  oliva¬ 
ceus,  and  the  other  had  33  lateral  scales, 
the  usual  number  for  Mississippi  River 
F.  notatus  (see  also  Tables  4  and  8, 
Thomerson,  1966). 

Relationships  between  the  parental 
stocks  and  the  Little  Saline  River  and 
laboratory  hybrids  are  summarized  in 
Table  2. 


Figure  2. — Comparison  of  head  widths 
for  the  Little  Saline  River  hybrids  and 
samples  of  the  parent  species  from  the 
same  collection.  Drawn  following  Hubbs 
and  Hubbs  (1953). 


Table  2. — Relationship  of  the  Little  Saline  River  and  Laboratory  Hybrids  to  Parenta 
Stocks  of  Fundulus  notatus  and  Fundulus  olivaceus. 


Character 

Experimental 

Hybrids 

(Thomerson, 

1966) 

Little 

Saline  River 
Hybrids 
Three  Males 

Dorsolateral  spots . 

Head  width . 

Anal  fin  spots . .  . 

Intermediate . 

Very  broad . 

More  than  either. 

Intermediate  (?) 
Very  broad 

Same  as  both 

Lateral  scales . 

F.  notatus . 

F.  olivaceus  (?) 

F.  notatus 

Lateral  stripe  extentions . . . 

F.  olivaceus . . 

Dorsum  pattern . 

Intermediate . 

Intermediate 

Dorsal  rays . 

Both . 

F.  olivaceus  (?) 
Both  (?) 

Anal  rays . 

F.  notatus . 

i 
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Discussion 

Even  though  F.  not  at  as  and  F. 
olivaceus  have  overlapping  ranges 
(Thomerson,  1966,  Figure  1,  p.  30) 
and  have  similar  behavior  and  ap¬ 
pearance,  they  are  seldom  syntopic. 
There  is,  however,  an  area  in  the 
southern  parts  of  Illinois  and  Mis¬ 
souri  where  the  two  species  occur 
together.  Braasch  and  Smith  (1965) 
reported  that  about  10%  of  some 
235  collections  of  the  two  species 
from  this  general  area  included  both 
species.  These  sympatric  (and  pre¬ 
sumably  syntopic)  collections  in¬ 
cluded  333  F.  notatus  and  108  F. 
olivaceus  (data  from  Braasch  and 
Smith,  1965,  Table  1),  and  most 
came  from  the  Saline  River  and  Big 
Muddy  River  drainages  in  Southern 
Illinois.  Braasch  and  Smith  did  not 
consider  any  of  their  material  to  be 
of  hybrid  origin.  I  have  re-examined 
most  of  this  material  and  found  no 

hvbrids. 

*/ 

I  have  examined  an  additional 
290  F.  notatus  and  71  F.  olivaceus 
from  other  Upper  Mississippi  Val¬ 
ley  sympatric  collections.  The  three 
hybrids  reported  here  were  the  only 
ones  found.  This  is  in  accordance 
with  my  earlier  data  (Thomerson, 
1966)  on  this  hybrid  combination  in 
nature  and  indicates  that  even  when 
F.  notatus  and  F.  olivaceus  occur  to¬ 
gether,  mismating  and  production  of 
hybrids  are  rare. 

In  many  respects  these  hybrids 
support  the  ideas  on  hybridization 
in  freshwater  fishes  detailed  by 
Hubbs  (1955).  They  are  of  inter¬ 
mediate  appearance  between  the  two 
parent  species  but  have  one  char¬ 
acter,  head  width,  which  tends  to 
extend  beyond  the  limits  of  the  par¬ 


ental  species  —  perhaps  a  reflection 
of  hybrid  vigor.  They  come  from  a 
locality  that  is  marginal  for  F.  oli¬ 
vaceus  and  where  it  is  outnumbered 
by  10  to  1  by  F.  notatus.  The  local¬ 
ity  has  been  somewhat  modified  by 
the  building  of  the  Hw.  45  bridge, 
and  by  farming  in  the  drainage 
basin. 

The  five  F.  notatus  X  F.  olivaceus 
that  have  been  reported  were  all 
small  males.  This  fact  suggests  that 
in  nature  this  hybrid  combination 
may  tend  to  have  an  unbalanced 
sex  ratio,  though  this  was  not  seen 
in  the  laboratory  -  reared  hybrids 
(Thomerson,  1966).  All  five  hybrids 
were  probably  young  of  the  year; 
the  largest  was  40.7  mm  Standard 
Length.  Male  F.  notatus  may  be 
mature  at  this  size  but  male  F.  oli¬ 
vaceus  seldom  are.  This  observation 
suggests  that  hybrids  may  not  sur¬ 
vive  to  reproduce  in  nature. 

Sympatric  collections  known  from 
the  Upper  Mississippi  Valley  in¬ 
clude  a  total  of  805  Fundulus ;  623 
F.  notatus ,  179  F.  olivaceus  and  the 
three  hybrids.  This  very  low  hy¬ 
brid  percentage  shows  that  isolating 
mechanisms  exist  which  are  quite 
effective  even  when  the  two  species 
occur  together,  even  though  they 
readily  hybridize  in  the  aquarium. 

Hybridization  does  not  seem  to  be 
important  except  as  a  local  phenom¬ 
enon.  However,  the  effects  may  be 
quite  large  in  a  given  area.  Fundulus 
olivaceus  is  usually  the  least  abun¬ 
dant  of  the  two  species  in  sympatric 
collections,  particularly  in  the  Sa¬ 
line  and  Big  Muddy  Rivers. 

If  my  number  of  fish  collected  is 
representative  of  the  number  of  Fun¬ 
dulus  present,  and  there  is  no  reason 
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to  think  otherwise,  then  some  con¬ 
clusions  may  be  drawn  on  the  effect 
of  hybridization  on  either  parent 
species.  Of  the  12  F.  olivaceus  col¬ 
lected  at  the  Little  Saline  River  lo¬ 
cality,  11  were  young1  of  the  year. 
To  the  three  hybrids  are  added, 
total  F.  olivaceus  reproduction  rep¬ 
resented  is  14.  Moreover,  127  of 
the  128  F.  notatus  were  young  of 
the  year.  Matings  involving  F.  no¬ 
tatus  thus  produced  130  young,  in¬ 
cluding  the  three  hybrids.  The  hy¬ 
brids  represented  21%  of  the  F.  oli¬ 
vaceus  reproductive  potential  but 
only  2%  of  the  F.  notatus  potential 
If  the  hybrids  in  fact  do  not  survive 
to  reproduce,  then  at  this  rate  hy¬ 
bridization  alone  would  soon  elim¬ 
inate  the  local  F.  olivaceus  popula¬ 
tion.  If  the  hybrids  have  only  re¬ 
duced  survival  of  reproductive  po¬ 
tential,  the  effects  are  still  10  times 
as  great  on  the  F.  olivaceus  as  on  the 
F.  notatus.  Preliminary  experiments 
indicate  that  the  isolating  mecha¬ 
nisms  involve  species  recognition 
ability  coupled  with  mate  selection. 
It  will  be  interesting  to  find  out  if 
these  mechanisms  are  more  highly 
refined  in  F .  olivaceus  from  the  sym- 
patric  area  than  in  F.  notatus. 

Acknowledgments 

Dr.  Frank  B.  Cross,  University  of 
Kansas;  Mr.  William  L.  Pfleiger,  Mis¬ 


souri  Department  of  Conservation;  and 
Dr.  Philip  W.  Smith,  Illinois  Natural 
History  Survey  kindly  loaned  me  ma¬ 
terial  under  their  care.  Dr.  David  P. 
Wooldridge  helped  make  the  Little  Sa¬ 
line  River  collection  under  somewhat 
adverse  conditions.  He  and  Dr.  Philip 
W.  Smith  read  the  manuscript  and  of¬ 
fered  many  helpful  criticisms;  however, 
the  responsibility  for  any  errors  is  mine 
alone. 

This  study  was  supported  by  Faculty 
Research  Grant  5-02-10,  Office  of  Re¬ 
search  and  Projects,  Southern  Illinois 
University,  Edwardsville. 

Literature  Cited 

Braasch,  M.  E.,  and  P.  W.,  Smith.  1905. 
Relationships  of  the  topminnows  Fun¬ 
dulus  notatus  and  Fundulus  olivaceus 
in  the  Upper  Mississippi  River  Valiev. 
Copeia  1965  (1)  :  46-53. 

Hubbs,  C.  L.  1955.  Hybridization  be¬ 
tween  fish  species  in  nature.  Syst. 
Zool.  4:  1-20. 

- ,  and  Clark  Hubbs.  1953.  An  im¬ 
proved  graphical  analysis  and  compar¬ 
ison  of  series  of  samples.  Syst.  Zool. 
2:  49-56,  92. 

- ,  B.  W.  Walker,  and  R.  E.  John¬ 
son.  1943.  Hybridization  in  nature  be¬ 
tween  species  of  American  cyprinodont 
fishes. 

Cont.  Lab.  Vert.  Biol.,  Univ.  Michigan 
(23):  1-21,  PI.  I-VI. 

Hubbs,  C.,  and  G.  E.  Dkewry.  1959.  Sur¬ 
vival  of  F  hybrids  between  cyprino¬ 
dont  fishes,  with  a  discussion  of  the 
correlation  between  hybridization  and 
phylogenetic  relationship.  Bull.  Inst. 
Mar.  Sci.  U.  Texas  6:  81-91. 
Titomerson,  J.  E.  1966.  A  comparative 
biosystematic  study  of  Fundulus  nota¬ 
tus  and  Fundulus  olivaceus  (Pisces: 
Cyprinodontidae) .  Tulane  Stud.  Zool. 
13(1)  :  29-47. 

Manuscript  received  March  22,  1967. 


IONIZATION  ENERGY  AS  A  FUNCTION  OF 

NUCLEAR  CHARGE 


SHELBA  JEAN  CHOATE  MUSULIN  AND  BORIS  MUSULIN 

Southern  Illinois  University,  Carbondale 


Abstract.  —  Three  new  quadratic  for¬ 
mulas  relating  ionization  potential  and 
atomic  number  are  investigated.  It  is 
found  that  the  new  formulas  are  in  no 
wav  superior  to  previously  used  quad¬ 
ratic  forms.  The  judgments  are  made 
not  only  by  the  usual  appeal  to  exper¬ 
iment  but  by  new  applications  of  statis¬ 
tical  methods  to  chemical  research.  The 
new  techniques  suggest  a  new  function 
which  may  be  superior  to  all  present 
functions  for  the  prediction  of  electron 
affinities.  Finally,  this  investigation  pre¬ 
sents  and  demonstrates  the  operation 
of  a  new  philosophy  which  chemists  in 
the  age  of  computers  should  adopt. 


By  the  use  of  perturbation  theory 
in  a  quantum  mechanical  frame¬ 
work,  Bethe  and  Salpeter  (1957) 
derived  an  expression  for  the  ion¬ 
ization  energy,  I,  of  an  atom  or  ion. 
It  is 


(i) 

where  Z  is  the  nuclear  charge  of  the 
ion  or  atom,  n  is  the  order  of  the 
perturbation,  and  the  an  are  num¬ 
bers  derivable  from  quantum  me¬ 
chanical  integrals.  The  term  (1/Z) 
functions  as  a  natural  perturbation 
parameter. 

Glockler  (1934)  suggested  an  em¬ 
pirical  relationship  between  I  and 
Z  many  years  before  the  develop¬ 


ment  of  perturbation  theory  as  a 
useful  chemical  tool.  His  functional 
form  is  simply  a  truncated  version 
of  Equation  (1)  in  which  only  the 
first  three  terms  are  used.  Glockler 
evaluated  the  constants  an  with  the 
aid  of  experimental  data  for  eight¬ 
een  isoelectronic  series.  The  dif¬ 
ference  in  method  of  obtaining  the 
constants  an  reflects,  of  course,  the 
difference  in  an  empirical  approach 
and  a  theoretical  approach. 

In  the  intervening  years  many 
workers  tried,  either  empirically  or 
semi-empirically,  to  predict  ioniza¬ 
tion  energy  as  a  function  of  nuclear 
charge  in  an  isoelectronic  series. 
Most  of  the  resulting  equations  were 
either  truncated  forms  of  Equation 
(1)  or  truncated  forms  of  Equation 
( 1 )  with  an  altered  independent  var¬ 
iable.  The  principal  alteration  was 
to  use  an  effective  nuclear  charge, 

Zeff  } 

Zeff  =  Z  -  S  (2) 

where  s  is  a  parameter  to  be  ad¬ 
justed.  The  total  energy,  E,  of  an 
atom  or  ion  may  be  given  by  an 
expansion  of  the  same  form  as  that 
for  I.  In  the  case  of  E,  the  para¬ 
meter  s  represents  screening,  i.  e., 
a  partial  shielding  of  the  nuclear 
charge  by  the  other  electrons  in  the 
atom.  A  raison  d’etre  for  trying  to 
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obtain  a  correct  relationship  be¬ 
tween  ionization  energy  and  nuclear 
charge  is  that  the  relationship  can 
be  used  to  predict  electron  affinities 
which  are  not  easily  measurable. 

The  purpose  of  the  present  paper 
is  threefold  in  nature.  Since  many 
empirical  formulas  have  been  sug¬ 
gested,  but  their  functional  form 
has  been  restricted,  there  is  a  pos¬ 
sibility  that  some  peculiar  functional 
form  might  be  superior  to  the  form 
more  commonly  accepted.  Thus,  this 
paper  compares  empirical  formulas 
of  widely  diverse  functional  forms 
which  relate  ionization  energy  to 
nuclear  charge.  Second,  this  paper 
investigates  the  use  of  statistical 
tools  to  test  the  “goodness”  of  such 
formulas.  For  an  applied  mathema¬ 
tician,  e.  g.,  a  chemist,  it  lias  often 
been  sufficient  to  say  a  formula  is 
“good”  if  it  reproduces  experimen¬ 
tal  data  within  experimental  error. 
However,  it  is  conceivable  that  sta¬ 
tistical  tools  may  provide  more  rig¬ 
orous  criteria.  Finally,  the  paper 
suggests  a  philosophy  in  the  use  of 
“canned”  computer  programs.  The 
use  of  computers  are  pervading 
chemistry  to  a  greater  and  greater 
degree.  As  more  and  more  chemists 
use  this  new  tool,  it  is  apparent  that 
the  chemist  must  make  more  use  of 
programs  which  are  available  for 
general  distribution  (e.  g.,  cf. 
SHARE  (1966))  rather  than  spend¬ 
ing  precious  research  man-hours  do¬ 
ing  routine  programing.  Optimal 
use  of  such  programs  demands  that 
the  user  utilize  such  programs  to 
the  fullest. 

Experimental  Design 

A  single  format,  truncation  after  the 
quadratic  term,  was  used  throughout 


the  project.  The  purpose  of  the  con¬ 
straint  was  to  control  a  condition  in  the 
same  sense  as  an  experimenter  controls 
temperature  in  order  to  limit  the  effects 
which  may  be  observed  in  a  single  ex¬ 
periment. 

Before  proceeding  further,  an  impor¬ 
tant  ambiguity  in  notation  must  be  men¬ 
tioned.  The  independent  variable  is 
usually  conceived  of  as  being  that  ex¬ 
perimental  variable  to  which  a  value 
may  be  freely  assigned  (usually  from  a 
measurement)  whereas  the  dependent 
variable  is  that  variable  whose  value 
is  fixed  when  the  values  of  all  inde¬ 
pendent  variables  have  been  assigned. 
For  example,  in  Equation  (1),  Z  is  the 
independent  variable  and  I  is  the  de¬ 
pendent  variable.  Alternatively,  a  trans¬ 
formation  could  be  made  such  that  (1/Z) 
is  the  independent  variable  and  I  is  the 
dependent  variable.  On  the  other  hand, 
in  statistical  methods,  each  of  the  terms 
containing  a  function  of  the  independent 
variable  just  described  is  itself  called 
an  independent  variable.  For  example, 
in  Equation  (1),  Z2,  Z,  Z°,  Z_1,  etc.  would 
each  be  an  independent  variable  while  I 
is  the  dependent  variable.  Thus,  the  dis¬ 
tinction  between  independence  and  de¬ 
pendence  is  the  same  for  both  the  ex¬ 
perimentalist  and  the  statistician,  but 
the  statistician  considers  each  term  a 
variable.  Such  a  procedure  is  not  un¬ 
reasonable  when  one  considers  that  the 
coefficient  of  each  term  is  an  unknown 
whose  value  is  being  sought. 

Five  different  independent  variables 
(in  the  experimental  sense)  were  se¬ 
lected  for  this  investigation.  They  are 
defined  in  the  following  equations. 

I  ~  ax  -j-  a2Z  -j-  a3Z-  ( 3 ) 

I  =  a,  +  a2(Z->)  +  a3(Z"1)2  (4) 

I  —  a,  +  a2(ln  Z)  +  a3(ln  Z)2  (5) 

I  —  ax  +  a2(ex)  +  a  3(eX)2  (6) 

I  =  ax  -f-  a2(Zerf)  -f-  a3(Zeff)2  (7) 

where  ax,  a2,  and  a3  are  constants  to  be 
fitted  by  a  statistical  procedure.  These 
constants  will  differ  numerically  accord¬ 
ing  to  the  equation  in  which  they  are 
being  used. 

Equation  (3)  is  simply  the  first  three 
terms  of  Equation  (1).  If  these  terms 
dominate  the  series,  then  one  would 
expect  the  coefficients  to  be  very  similar 
to  those  obtained  by  Scherr,  et  al.  Fur¬ 
ther,  Equation  (3)  is  the  same  equation 
used  by  Glockler  in  his  empirical  fitting 
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procedure.  Except  for  small  differences 
resulting  from  refinement  of  experi¬ 
mental  data,  one  would  expect  that  the 
coefficients  from  the  present  research 
would  agree  with  those  obtained  by 
Glockler.  Thus,  Equation  (3)  is  ex¬ 
pected  to  form  a  point  of  reference  from 
which  conclusions  may  be  drawn. 

Equations  (4)  through  (6)  represent 
test  equations  which  bear  no  similarity 
to  the  known  behavior  of  ionization  en¬ 
ergies.  If  present  theories  are  correct, 
whatever  tests  are  made  should  indicate 
that  these  equations  are  much  poorer 
than  Equation  (3).  Mention  should  be 
made  of  the  fact  that  Equation  (4)  is 
another  truncated  variant  of  Equation 
(1);  i.  e.,  a  variant  using  terms  3,  4, 
and  5  of  that  infinite  series.  This  fact 
alone  should  indicate  the  futility  of 
using  Equation  (4)  since  it  is  known 
(Eyring,  et  al.,  1944)  that  the  ionization 
energy  of  the  hydrogen  atom  is  given 
by  the  leading  term,  alone,  of  Equation 
(1). 

Equation  (7)  is  a  refined  form  of 
Equation  (3)  which  takes  into  account 
the  screening  defined  in  Equation  (2). 
In  this  investigation,  the  screening  val¬ 
ues  of  Slater  (1930)  are  used.  If  screen¬ 
ing  is  correctly  introduced  by  this  pro¬ 
cedure,  then  one  would  expect  to  obtain 
the  best  possible  results  within  the 
framework  of  this  investigation. 

All  values  of  ionization  energy  (in 
e.  v.)  and  nuclear  charge  (in  a.  u.) 
which  were  used  in  this  work  were 
those  given  by  Moore  (1949).  Five  dif¬ 
ferent  isoelectronic  series  were  selected 
for  the  study,  viz.,  Li  I,  C  I,  F  I,  Cl  I, 
and  Na  I.  The  series  were  selected  in 
such  a  manner  that  one  could  study 
trends  within  families  (alkali  metals 
and  halogens)  of  the  periodic  table  as 
well  as  within  rows  (second  and  third) 
of  the  periodic  table. 

Each  isoelectronic  series  does  not  con¬ 
tain  the  same  number  of  observations; 
C  I  and  F  I  have  ten  members  in  the 
series,  Li  I  and  Cl  I  have  twelve  mem¬ 
bers,  and  Na  I  has  nineteen  members. 
Since  certain  statistical  quantities  de¬ 
pend  on  the  number  of  observations, 
the  experiment  would  have  been  more 
clearly  delineated  if  the  same  number 
of  observations  had  been  used  in  each 
set.  On  the  other  hand,  it  seemed  more 
desirable  to  obtain  those  empirical  equa¬ 
tions  which  would  best  describe  all 
available  experimental  data.  Otherwise 
the  investigation  would,  perforce,  in¬ 
clude  a  detailed  study  of  the  source  of 


each  experimental  datum  in  order  to 
determine  which  of  the  data  should  be 
eliminated.  In  most  cases  the  incre¬ 
mentation  in  Z  is  one  unit  of  charge. 
However,  there  are  exceptions;  e.  g.,  in 
the  Li  I  series,  the  value  of  Ne  VIII  is 
not  available. 

The  canned  program  which  was  se¬ 
lected  was  one  which  contained  a  least 
squares  fitting  procedure  using  the  Chol- 
eski  method  (Purcell,  1965  and  was  de¬ 
signed  for  use  with  the  IBM  7040  com¬ 
puter.  The  program  was  available  from 
a  library  of  programs  maintained  by 
the  Data  Processing  and  Computing  Cen¬ 
ter  of  The  Southern  Illinois  University 
and  was  used  as  part  of  a  closed-shop 
operation.  The  authors  had  to  supply 
only  data  cards  which  specified  the 
experimental  variables  and  parameter 
cards  which  specified  certain  informa¬ 
tion  defining  Equations  (3)  through  (7). 
The  set  of  five  isoelectronic  series  was 
run  once  for  each  type  of  equation.  In 
addition  to  the  usual  fitted  coefficients, 
this  very  flexible  program  supplied 
many  other  pieces  of  information.  In 
accordance  with  one  of  the  objectives 
of  this  investigation,  an  attempt  was 
made  to  use  each  and  every  piece  of 
information  which  was  given  in  the 
output. 

The  initial  use  of  parameter  cards  was 
tested  with  data  from  the  H  I  isoelec¬ 
tronic  series  (eight  observations)  ap¬ 
plied  to  Equation  (3).  Although  not  part 
of  the  designed  experiment,  the  results 
from  this  test  run  are  included  for  com¬ 
pleteness. 

Results 

Each  of  the  coefficients  for  Equations 
(3)  through  (7)  which  were  obtained 
for  each  of  the  isoelectronic  series  are 
tabulated  in  Table  1.  Table  1  also  lists 
some  results  from  other  workers  to  be 
used  for  comparison  purposes. 

One  of  the  important  questions  which 
continually  plague  workers  attempting 
to  obtain  a  good  empirical  equation  for 
I  as  a  function  of  Z  is  the  accuracy  of 
ionization  energies.  In  general,  the  re¬ 
sults  are  more  accurately  known  for 
atoms  with  a  small  number  of  electrons. 
Further,  the  members  of  an  isoelectronic 
series  with  the  smaller  net  charges  usu¬ 
ally  have  been  measured  more  accur¬ 
ately  than  the  members  with  the  larger 
net  charges.  These  two  generalities  are 
reflected  in  the  comparison  of  the  cur¬ 
rent  results  to  those  obtained  by  Glock- 
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Table  1. — The  Empirical  Coefficients  as  Determined  by  a  Least  Squares  Procedure. 


Isoelec- 

tronic 

Series 

ai 

(e.v.) 

-3.2 

(e.v./a.u.  charge) 

33 

(e.v./(a.u.  charge)2) 

Equation  (3) . „ 

H  I 

0.12972641 

0.12723064 

13.624758 

Li  I 

8.0037403 

11.138675 

3.4242794 

C  I 

45.443210 

26.397603 

3.4488094 

F  I 

105.35315 

40.366608 

3.3936465 

Na  I 

96.291934 

25.519966 

1.5630960 

Cl  I 

221.30235 

38.436418 

1.5379277 

Equation  (3) . 

H  I 

0.0 

0.0 

13.54 

Glockler  (1934) 

Li  I 

8.25 

11.25 

3.43 

C  I 

51.87 

28.23 

3.58 

F  I 

155.4 

48.95 

3.75 

Na  I 

127.9 

30.41 

1.75 

Cl  I 

372.3 

55.14 

2.0 

Equation  (3) . 

Li  I 

6.83564799 

10.82361748 

3.40104189 

Converted  from  re- 

C  I 

38.36499862 

25.34099010 

3.40115236 

suits  of  Scherr,  et  al. 
(1962) 

F  I 

97.68274169 

40.06441025 

3.40120967 

Equation  (4) . 

Li  I 

981.71967 

8330.6768 

16615.070 

C  I 

1303.1854 

17685.773 

60264.041 

F  I 

2350.1607 

46251.092 

229567.27 

Na  I 

1982.5491 

51543.017 

333953.38 

Cl  I 

2194.7406 

75076.033 

648087.50 

Equation  (5) . 

Li  I 

696.26691 

983.58003 

346.26477 

C  I 

1883.7636 

2012.2824 

542.63488 

F  I 

5099.8576 

4561.9070 

1026.0776 

Na  I 

5447.0626 

4323.0479 

860.38890 

Cl  I 

8184.6853 

5898.4383 

1064.1948 

Equation  (6) . 

Li  I 

122.17326 

— 5. 6297618  (—4)  a 

— 1 . 2738849( — 10) 

C  I 

90.069235 

—3. 503  7666  (—4) 

—7. 6305203  (—11) 

F  I 

117.43045 

— 1.4471459(— 5) 

—2. 7544501  (—14) 

Equation  (7) . 

Li  I 

—1.0359764 

—0.50392628 

3.4242762 

C  I 

—1.0671940 

7.4295491 

3.4488344 

F  I 

0.96321105 

14.574671 

3.3936363 

Na  I 

—7.2371806 

—1.9904304 

1.563100 

Cl  I 

—14.9236308 

4.9109156 

1.5379840 

Equation  (7) . 

Li  I 

—1.77593973 

0.0 

3.40104189 

Converted  from  re- 

C  I 

—8.85690549 

0.0 

3.40115236 

suits  of  Scherr,  et  al. 
(1962) 

F  I 

—20.30358715 

0.0 

3.40120967 

a  The  values  of  and  a3  obtained  for  Equation  (6)  are  the  entry  values  multipled 
by  a  factor  of  ten  raised  to  the  power  in  parentheses. 


ler  who  had  poorer  and  far  fewer  data 
with  which  to  work.  For  example, 
agreement  between  coefficients  for  the 
Li  I  series  varies  between  0.3%  and 
2.5%  while  agreement  between  coeffi¬ 
cients  for  the  Cl  I  series  varies  between 


31%  and  68%.  Nevertheless,  this  com¬ 
parison  helps  establish  the  correctness 
of  the  current  procedures. 

Scherr,  et  al.  (1962)  have  developed 
a  semi-empirical  technique  for  determin¬ 
ing  the  coefficients  of  Equation  (1)  and 
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the  coefficients  of  an  equation  of  the 
form  of  Equation  (1)  bnt  with  Zeff  as 
the  independent  variable.  The  coeffi¬ 
cients  of  the  first  three  terms  in  their 
equations  are  based  upon  perturbation 
theory  and  may  be  considered  as  “ex¬ 
perimental”  results.  Therefore,  although 
their  functional  forms  differ  from  those 
tested  in  this  investigation,  these  co¬ 
efficients  are  given  for  comparison  in 
Table  1.  The  values  of  a3  given  by 
Sclierr,  et  al.  were  made  by  a  priori 
choices  rather  than  by  mathematical 
procedures  such  as  in  the  present  in¬ 
vestigation.  Therefore,  their  a3  values 
reproduce  exactly  the  values  from  per¬ 
turbation  theory.  Further,  their  method 
of  selecting  s  yields  values  different 
from  the  values  used  in  this  investiga¬ 
tion. 

It  is  not  possible  to  quote  complete 
results  direct  from  perturbation  theory. 
Even  Bethe  and  Salpeter  use  a  semi- 
empirical  technique  to  obtain  the  higher 
order  coefficients  including  a0.  The  dif¬ 
ference  in  the  work  of  these  authors 
and  that  of  Scherr,  et  al.  lies  in  their 
choice  of  wave  functions  for  optimizing 
the  higher  order  coefficients.  Since 
Scherr,  et  al.  have  been  more  complete 
in  their  treatment,  their  results  are  used 
for  comparison  purposes. 

A  comparison  to  results  from  pertur¬ 
bation  theory  is  simple.  Perturbation 
theory  assumes  the  infinite  series  given 
by  Equation  (1).  The  coefficients  for 
each  member  of  the  series  are  evaluated 
without  regard  to  the  higher  members. 
The  series  is  truncated  when  a  given 
worker  finds  that  computational  effort 
is  too  great  to  continue  the  problem. 
On  the  other  hand,  in  the  present  em¬ 
pirical  fitting  procedure,  the  least 
squares  method  provides  the  best  pos¬ 
sible  coefficients  for  the  assumed  trun¬ 
cated  version.  That  is,  contributions 
from  cubic,  quartic,  and  higher  terms 
are  redistributed  among  the  linear  and 
quadratic  terms  which  have  been  used. 
If  the  terms  of  Equation  (1)  become 
less  important  with  increasing  n,  then 
the  results  of  the  present  empirical 
method  with  the  functional  form  pre¬ 
dicted  by  perturbation  theory,  might 
reasonably  be  expected  to  provide  co¬ 
efficients  of  the  same  order  of  magni¬ 
tude  (power  of  ten)  as  the  coefficients 
obtained  from  perturbation  theory.  Sim¬ 
ilar  comments  apply  to  truncated  ver¬ 
sions  of  the  equations  given  by  Scherr, 
et  al. 

Table  1  shows  that  even  a  truncated 


version  of  Equation  (1)  does  give  co¬ 
efficients  quite  similar  to  the  “experi¬ 
mental”  coefficients.  Although  Equation 
(3)  is  written  in  the  usual  mathematical 
form,  the  Z2  term  is  the  leading  term 
of  the  series.  The  coefficient  of  this 
leading  term  would  be  the  hydrogen¬ 
like  energy  (-^n2  a.  u.)  if  there  were 
no  interaction  between  the  electrons  of 
the  atom  or  ion.  For  the  three  rows  of 
the  periodic  table  involved  in  the  sample 
series  of  this  investigation,  the  coeffici¬ 
ent  values  are  13.624758  e.  v.,  3.406189 
e.  v.,  and  1.513862  e.  v.  The  results  of 
perturbation  theory  do  not  yield  a  con¬ 
stant  value  for  each  series  in  a  given 
row  of  the  periodic  table  because  the 
theory  takes  into  account  mass  differ¬ 
ences.  Nevertheless,  Table  1  shows  that 
the  present  empirical  method  very 
nearly  predicts  the  correct  value  of  the 
coefficient  of  the  dominating  term  in 
Equation  (1).  This  comparison  to  the¬ 
ory  verifies  the  conclusion  that  current 
data  is  more  accurate  than  those  used 
by  Glockler.  Further  comparisons  as  to 
the  “goodness”  of  Equations  (3)  through 
(7)  cannot  be  made  through  a  simple 
examination  of  the  coefficients  because 
of  the  differences  in  functional  form  of 
the  theoretical  equation  and  the  empir¬ 
ical  equations. 

Table  1  shows  that  the  value  of  a3 
is  essentially  the  same  for  Equations 
(3)  and  (7).  This  equality  is  explained 
if  Z  from  Equation  (2)  is  substituted 
into  Equation  (3).  The  result,  in  terms 
of  the  coefficients  of  Equation  (3),  is 

I  —  (h.i  — (-  a«s  -I-  a3S")  — (- 
(a2  +  2a3s)Zeff  -f-  a3Ze£f2  (8) 

But  Equation  (8)  is  nothing  more  than 
Equation  (7)  with  the  constants,  ex¬ 
cept  a3,  redefined.  This  substitution 
proves  that  no  matter  what  value  of  s 
is  selected,  the  coefficient  of  Z2  in  Equa¬ 
tion  (7)  will  be  the  same  as  that  in 
Equation  (3).  The  slight  differences 
shown  in  Table  1  are  due  to  rounding- 
off  processes  during  the  computer  runs. 
The  same  comments  apply  to  the  two 
corresponding  “experimental”  equations 
of  Scherr,  et  al. 

In  Table  1,  no  values  are  presented 
for  the  Na  I  and  Cl  I  series  with  Equa¬ 
tion  (6).  This  is  due  to  the  fact  that 
the  computer  gave  an  underflow  error 
during  the  processing  of  Equation  (6). 
That  is,  somewhere  during  the  calcula¬ 
tions,  a  number  became  smaller  than 
that  which  can  be  accommodated  by  the 
IBM  7040.  Conceivably  the  data  could 
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have  been  manipulated  to  bypass  this 
error.  However,  since  one  of  the  objec¬ 
tives  of  this  research  was  to  work  within 
the  framework  of  the  canned  program, 
no  attempt  was  made  to  rectify  the  error. 
The  fact  that  errors  such  as  this  do 
occur  emphasizes  that  the  future  re¬ 
searcher  in  chemistry  will  not  simply 
be  a  technician  but  that  he  must  learn 
something  about  the  tool  with  which  he 
is  working.  That  is,  the  greater  the 
degree  of  proficiency  which  the  re¬ 
searcher  attains,  the  more  versatile  will 
be  the  research  program  that  results. 
Nevertheless,  there  is,  as  this  project 
shows,  a  great  deal  which  can  be 
learned  from  minimum  versatility. 

Finally,  one  may  establish  correlations 
to  the  periodic  table.  The  constancy  of 
a;,  in  a  periodic  row  and  the  decrease 
in  a3  from  Equations  (3)  and  (7)  as  Z 
increases  in  a  periodic  group  has  already 
been  discussed.  The  values  of  a1  and  a2 
from  Equation  (3),  the  values  of  a±,  a.,, 
and  a3  from  Equations  (4)  and  (5), 
and  the  value  of  a2  from  Equation  (7) 
increase  with  increasing  Z  both  in  a 
group  and  in  a  row.  In  every  case  ex¬ 
cept  a-y  from  Equation  (5)  the  increase 
is  not  monotonic  in  Z;  e.  g.,  there  is 
a  decrease  in  the  value  of  the  coefficient 
as  Z  is  increased  from  9  to  11.  All  of 
these  changes  reflect  the  changes  in  the 
values  of  Z  which  are  input  for  the  var¬ 
ious  isoelectronic  series.  That  is,  as 
larger  Z  values  are  used,  the  above  men¬ 
tioned  coefficients  in  the  various  equa¬ 
tions  must  compensate  for  the  fact  that 
the  leading  coefficient,  alt  is  decreasing 
within  every  periodic  group.  The  fact 
that  the  increase  is  not  monotonic  re¬ 
flects  the  well-known  changes  in  the 
input  values  of  I  with  increasing  Z. 

The  fact  that  a2  from  Equation  (7) 
fits  the  general  pattern  of  change  with 
Z  is  fortuitous.  Examination  of  Equa¬ 
tion  (8)  shows  that  the  coefficients,  ax 
and  a2,  of  Equation  (7)  are  highly  de¬ 
pendent  upon  the  selected  value  of  s. 
No  general  comment  can  be  made  about 
a:  and  a2  as  a  function  of  Z  without 
knowledge  of  the  functional  dependence 
of  s  on  Z.  The  variation  in  ax  precisely 
illustrates  this  point. 

The  variation  of  I  values  with  Z  is 
completely  dominated  by  the  independ¬ 
ent  variable,  eZ,  in  Equation  (6).  The 
rapidly  increasing  nature  of  this  vari¬ 
able  dictates  that  alf  a2,  and  a3  from 
Equation  (6)  must  be  extremely  small 
with  the  degree  of  smallness  increasing 
rapidly  as  the  value  of  Z  increases.  Such 


behavior  is  indeed  observed  in  Table  1. 

One  page  of  the  output  lists  the  input 
values  of  the  dependent  variable,  the 
values  of  the  dependent  variable  pre¬ 
dicted  by  the  empirical  equation  which 
is  derived  in  the  run,  and  the  differences 
in  the  two  values.  Although  the  mag¬ 
nitude  of  these  differences  would  be  an 
indication  of  “goodness”,  a  percentage 
quantity  was  defined,  viz., 


D  = 


(Deviation)  ruis 


I 


x  100 


(9) 


where  D  is  the  percent  deviation,  I  is 
the  mean  value  of  the  dependent  vari¬ 
able,  and 


(Deviation)  rms 


where  n  is  the  number  of  observations 
and  dj  is  the  ith  difference  between  the 
input  value  and  the  corresponding  pre¬ 
dicted  value  of  the  independent  variable. 
The  values  of  D  for  each  isoelectronic 
series  with  each  empirical  equation  are 
tabulated  in  Table  2. 

In  the  present  investigation,  the  order 
of  magnitude  of  the  deviations  would 
be  sufficient.  However,  the  definition  of 
D  [Equation  (9)]  is  provided  for  those 
experiments  where  the  range  of  the  de¬ 
pendent  variable  differs  by  more  than 
a  magnitude.  An  alternate  definition  of 
D,  based  upon  the  mean  value  of  the 
absolute  deviation,  could  have  been  used. 
The  present  definition  though  yields  a 
truer  picture  of  the  “goodness”  of  an 
equation.  For  example,  if  one  observa¬ 
tion  is  very  inaccurate,  the  root-mean- 
square  deviation  will  be  much  greater 
than  the  average  deviation.  The  average 
absolute  deviation  was  calculated  for 
each  series  with  each  equation  and  the 
trends  herein  reported  do  not  change. 

An  examination  of  Table  2  shows  that 
the  results  for  Equations  (3)  and  (7) 
are  the  same.  The  equality  is  to  be  ex¬ 
pected  according  to  the  discussion  as¬ 
sociated  with  Equation  (8).  These  equa¬ 
tions  prove  to  be  much  better  than  Equa¬ 
tion  (5)  which  in  turn  is  better  than 
Equations  (4)  and  (6).  The  term  “much 
better”  corresponds  to  a  ratio  in  D 
values  of  two  orders  or  more  of  magni¬ 
tude  while  the  term  “better”  corresponds 
to  a  ratio  of  one  order  of  magnitude. 


Table  2. — Statistical  Tests  of  the  Empirical  Coefficients. 
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Within  the  framework  of  a  given  equa¬ 
tion,  an  ordering  can  also  be  established. 
For  example,  with  Equations  (3)  and 
(7),  the  I  values  of  the  Li  series  are 
predicted  “much  better”  than  the  I  val¬ 
ues  of  the  Cl  series;  with  Equation  (4), 
the  converse  is  true.  (In  this  context, 
comparison  is  defined  by  powers  of  two 
rather  than  ten.)  To  understand  this 
phenomenon,  one  must  consider  that  de¬ 
viations  will  occur  because  of  three  fac¬ 
tors:  (1)  Accuracy  of  experimental  data, 
(2)  Functional  relationship  between  the 
variables,  and  (3)  Range  of  variables. 
Although  there  is  a  difference  in  the 
accuracy  of  ionization  energies  for  var¬ 
ious  isoelectronic  series,  the  differences 
are  not  so  great  as  to  cause  the  rever¬ 
sal  of  “goodness”  of  prediction  for  the 
Cl  and  Li  sequences.  The  second  factor 
is  ruled  out  since  in  a  given  comparison 
only  one  functional  relationship  is  being 
considered.  Consequently  the  variation 
in  order  is  due  to  the  ranges  of  the 
variables  which  were  used  in  determin¬ 
ing  the  coefficients  of  the  empirical 
equations.  For  example,  for  the  Li  ser¬ 
ies  the  mean  value  of  Z  is  8.9  while  the 
corresponding  value  for  the  Cl  series  is 
22.5;  the  mean  value  of  Z  1  for  the  Li 
series  is  0.14  while  the  corresponding 
value  for  the  Cl  series  is  0.046.  Inclu¬ 
sion  of  the  square  terms  in  each  equa¬ 
tion  does  not  alter  the  argument  since 
these  powers  behave  in  the  same  manner 
as  the  first  powers.  The  mean  value  of 
the  square  of  the  deviations,  d2,  obtained 
with  a  least  squares  procedure,  is  a  func¬ 
tion  of  the  variances  of  Z  and  I  [<rz- 
and  o-!2],  the  covariance  of  Z  and  I 

|>ZI],  and  the  mean  value  of  Z  [Z]  (cf. 
Lindgren,  1960,  for  the  definitions  of  sta¬ 
tistical  terms).  The  output  yields  the 
mean  of  each  variable  (in  the  statis¬ 
tical  sense)  and  the  standard  deviation 
(square  root  of  the  variance)  of  each 
variable,  as  well  as  the  sums  (in  Z'Z 
matrix  form)  from  which  these  quan¬ 
tities  are  derived.  In  a  curve  fitting 
procedure,  these  quantities  per  se  are 
not  useful  as  criteria  for  “goodness”  but 
they  may  be  used  in  calculating  other 
quantities  which  are  useful. 

One  such  useful  quantity  is  the  cor¬ 
relation  coefficient,  rp8.  The  program 
output  presents  (in  matrix  form)  the 
correlation  coefficient  for  each  pair  of 
variables  (in  a  statistical  sense),  p  and 
q.  Table  2  tabulates  the  correlation  co¬ 
efficients  between  the  ionization  energy, 
I,  and  the  linear  variable,  Z,  of  each  em¬ 
pirical  equation,  rn,  and  between  I  and 


the  quadratic  variable,  Q,  of  each  equa¬ 
tion,  rIQ.  The  absolute  value  of  the  cor¬ 
relation  coefficient  itself  is  not  sufficient 
to  make  judgments,  because  the  question 
of  significance  of  a  particular  coefficient 
is  also  relevant.  However,  significance 
depends  on  the  number  of  observations, 
but,  since  this  factor  is  constant  within 
a  given  isoelectronic  series,  some  valid 
comparisons  can  be  made  without  speci¬ 
fying  the  significance  of  the  coefficient. 
The  magnitude  of  the  coefficients  is  very 
large  compared  to  the  usual  values 
which  are  obtained  in  typical  statistical 
problems,  but  the  magnitudes  obtained 
in  this  study  are  typical  of  those  ob¬ 
tained  in  other  chemical  studies  (cf. 
Foley,  et  al.,  1964). 

The  quadratic  term  correlates  better 
in  Equations  (3),  (5),  and  (7);  the 
linear  term  is  better  in  Equations  (4) 
and  (6).  The  quadratic  term  is  expected 
to  be  the  dominating  term  in  Equation 
(3)  since  it  is  the  leading  term  of  Equa¬ 
tion  (1).  Similarly,  since  Equation  (4) 
contains  terms  three,  four,  and  five  of 
Equation  (1),  the  linear  term  of  Equa¬ 
tion  (4),  which  corresponds  to  term 
four  of  Equation  (1),  is  expected  to  be 
the  dominating  term  of  Equation  (4). 
One  might  expect  that  the  best  correla¬ 
tion  in  Equation  (4)  would  be  to  the 
constant  term  since  it  corresponds  to 
term  three  in  Equation  (1),  but  that 
supposition  cannot  be  verified  by  the 
present  technique  since  the  method  of 
calculation  leads  to  an  undefined  rp8. 
The  coefficients  of  the  linear  terms  of 
Equations  (3)  and  (7)  are  identical 
since  Zeff  differs  from  Z  by  only  a  con¬ 
stant.  On  the  other  hand,  a  much  higher 
degree  of  correlation  is  obtained  for  the 
quadratic  term.  The  improvement  in¬ 
dicates  that  I  is  more  properly  a  func¬ 
tion  of  Zeff  than  of  Z. 

A  cursory  comparison  of  the  magni¬ 
tudes  of  rp8  for  each  empirical  equation 
leads  to  the  same  ordering  which  was 
obtained  with  the  average  root-mean- 
square  deviation  except  for  the  improve¬ 
ment  of  Equation  (7)  over  Equation  (3). 
Again,  the  ordering  within  the  frame¬ 
work  of  a  specified  equation  type  is  of 
little  consequence  because  of  the  differ¬ 
ences  in  variable  ranges. 

The  correlation  coefficient  can  be  used 
to  select  the  proper  variables  (in  the 
statistical  sense)  with  which  to  form 
an  empirical  equation.  For  example,  the 
common  method  of  improving  Equation 
(3)  is  to  add  the  next  two  terms  of 
Equation  (1).  The  present  results  indi- 
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cate  that  a  better  choice  would  be  to  add 
the  two  variables  given  by  Equation  (5). 
That  is, 

I  — -  ax  -f-  aoZ  -)-  a3Z2  -{- 
a4(ln  Z)  +  a5(ln  Z)2  (10) 

would  be  a  better  choice  for  a  five-par¬ 
ameter  empirical  equation  than  the 
choice  based  upon  perturbation  theory. 
Equation  (10)  could  be  further  im¬ 
proved  with  the  addition  of  a  sixth 
parameter  by  substituting  Zeff  for  Z. 
The  average  root-mean-square  deviations 
obtained  after  such  a  substitution  would 
not  be  the  same  as  those  obtained  be¬ 
fore  substitution  since  Equation  (10) 
contains  terms  which  are  not  linear  in  Z. 

A  speculation  can  be  made  that  Equa¬ 
tion  (10)  would  correspond  to  the  func¬ 
tional  form  which  a  universal  (in  the 
sense  of  fitting  all  isoelectronic  se¬ 
quences)  function  relating  ionization 
energy  to  atomic  number  would  take. 
Although  inverse  powers  of  Z  correctly 
follow  from  perturbation  theory,  the 
present  investigation  indicates  that  per¬ 
haps  the  usual  perturbation  theory  does 
not  apply  to  all  isoelectronic  sequences. 
Certainly  other  phenomena  are  known 
in  which  atoms  of  low  and  high  Z  be¬ 
have  in  a  different  manner;  e.  g.,  the 
reversal  of  order  of  the  3d  and  4s  energy 
levels  with  increasing  Z  (Herzberg, 
1944). 

Scherr,  et  al.  also  used  Moore’s  tables 
as  the  source  of  their  experimental  ioni¬ 
zation  energies.  Since  the  calculation 
of  correlation  coefficients  depends  only 
on  the  input  values  of  the  variables  (in 
an  experimental  sense),  identical  values 
are  obtained  with  Equation  (3)  as 
shown  in  Table  1.  On  the  other  hand, 
since  their  value  of  Zeff  differs  and  since 
the  quadratic  term  in  Equation  (7)  cor¬ 
relates  in  a  different  manner  than  the 
quadratic  term  in  Equation  (3),  values 
of  these  correlation  coefficients  were 
calculated  and  entered  in  Table  2.  The 
results  show  that  there  is  perfect  cor¬ 
relation  between  I  and  the  Zeff2  term 
of  Scherr,  et  al.  The  result  is  not  sur¬ 
prising  since  their  parameter  was  chosen 
to  optimize  Equation  (7)  through  quad¬ 
ratic  terms  and  since  there  is  no  linear 
term  over  which  to  spread  the  fit.  With¬ 
in  rounding  errors,  correlation  to  the 
linear  term  is  identical  to  that  obtained 
with  Z.  In  these  calculations  a  slight 
rounding  error  leads  to  the  improbable 
value  of  1.0001.  No  entries  are  given  for 
the  quadratic  term  of  the  “experi¬ 
mental”  equation  since  there  is  no  a 


priori  way  of  determining  the  correct 
independent  variable  (in  the  experi¬ 
mental  sense). 

The  input  data  of  Glockler  was  ob¬ 
tained  from  tables  by  Bacher  and  Gouds- 
mit  (1932)  and  from  extrapolation  of 
their  data.  (Modern  data  may  result 
from  experimental  extrapolation  but  the 
resulting  inadequacies  are  better  dis¬ 
guised.)  Correlation  coefficients  were 
calculated  from  the  tabular  data  but  no 
extrapolated  values  were  used.  The  per¬ 
fect  correlation  for  F  I  results  from  the 
fact  that  only  two  values  of  I  were  avail¬ 
able.  The  results  show  less  correlation 
to  the  quadratic  term  and  more  correla¬ 
tion  to  the  linear  term  than  in  the  pres¬ 
ent  investigation.  If  one  assumes  that 
the  quadratic  term  should,  as  indicated 
by  perturbation  theory,  dominate  the 
equation,  then  the  only  possible  con¬ 
clusion  is  inaccuracy  in  the  older  data. 

The  essence  of  the  Choleski  method 
is  to  convert  a  problem  of  fitting  the 
independent  variable  to  a  function  of 
the  dependent  variables  (in  the  statis¬ 
tical  sense)  to  one  of  fitting  the  inde¬ 
pendent  variable  to  a  function  of  ortho- 
normal  polynomials  (Rushton,  1951). 
The  Choleski  resolution  derives,  from 
the  Z'Z  matrix,  a  matrix  T'.  The  output 
of  the  canned  program  yields  the  ele¬ 
ments  of  T\  The  output  also  yields  the 
inverse  of  the  T'  matrix.  The  elements 
of  the  ith  row  vector  of  the  inverse  mat¬ 
rix  are  the  coefficients  of  the  ith  linear 
combination  of  the  independent  vari¬ 
ables  (in  the  statistical  sense)  which  is 
the  ith  orthonormal  polynomial. 

The  orthogonalization  procedure  is  a 
Gram-Schmidt  process  (Courant  and  Hil¬ 
bert,  1953).  Therefore,  the  explicit  form 
of  the  orthonormal  polynomials  depends 
upon  the  order  in  which  the  independent 
variables  (in  the  statistical  sense)  are 
used.  This,  in  turn,  means  that  the  ele¬ 
ments  of  the  matrix  and  its  inverse 
which  is  derived  in  the  Choleski  resolu¬ 
tion  are  dependent  upon  the  ordering  of 
the  independent  variables. 

The  next  quantities  which  are  pre¬ 
sented  in  the  output  are:  the  coefficients 
of  the  representation  of  the  dependent 
variable  as  a  function  of  the  derived 
orthonormal  polynomials,  l,]  the  square 
of  each  of  these  coefficients,  Z,2;  the  cu¬ 
mulative  sum  of  the  square  of  these 
coefficients,  2h2‘,  and  the  proportion  of 
the  variance  due  to  each  of  the  inde¬ 
pendent  variables  in  the  order  they  oc¬ 
cur.  It  is  clear  that  the  coefficients 
which  give  the  best  fit  depend  upon 
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the  form  of  the  orthonormal  polynom¬ 
ials  and,  consequently,  upon  the  order 
in  which  the  original  independent  vari¬ 
ables  are  used.  This  in  turn  implies 
that  any  statistical  information  in  this 
particular  output  which  depends  upon 
the  components  of  the  resolution  is  of 
little  value.  On  the  other  hand,  cumula¬ 
tive  or  total  information  based  upon  the 
use  of  all  independent  variables  (in  the 
statistical  sense)  should  be  invariant 
with  respect  to  the  order  in  which  the 
independent  variables  were  used. 

For  example,  it  can  be  shown  that 

Y'Y  —  L'L  +  E'E  (ID 

where  Y  is  the  matrix  of  the  dependent 
variable,  I,  L  is  the  matrix  of  the  Z, 
coefficients,  E  is  the  matrix  of  the  er¬ 
rors  between  the  fitted  equation  and 
the  observables,  and  '  indicates  the 
transpose  of  the  matrix.  Each  of  the 
matrix  products  in  Equation  (11)  is 
a  1  x  1  matrix;  i.  e.,  each  product 
is  simply  the  respective  sum  of 
squares.  The  product  E'E  is  the  quantity 
i  =  n 

2  dj2,  the  sum  of  the  deviations 
i  =  1 

squared,  used  to  calculate  the  quantity 
D  of  Equation  (9).  It  would  appear 
that  the  sum  of  the  deviations  squared 
can  be  obtained  directly  from  the  out¬ 
put  by  subtracting  the  cumulative  li2 
value  of  the  last  independent  variable 
(in  the  statistical  sense) 
i  =  n 

from  the  2  yi2  value.  These  differ- 
i  =  1 

ences  are  given  in  Table  2. 

Direct  calculation  verifies  that  the  dif¬ 
ference  values  tabulated  for  Equations 
(4),  (5),  and  (6)  are  indeed  the  sum 
of  the  deviations  squared.  However,  the 
values  tabulated  for  Equations  (3)  and 
(7)  are,  generally,  not  equal  to  the 
sum  of  the  deviations  squared  which  are 
obtained  by  direct  calculation.  The  er¬ 
ror  is  not  due  to  any  error  in  Equation 
(11)  but  rather  to  loss  of  significant 
figures.  Since  output  of  this  canned  pro¬ 
gram  yields  all  sums  to  eight  significant 
figures,  one  can  be  certain  that  the  last 
figure  is  unreliable  due  to  rounding 
errors.  As  has  been  shown,  and  will  be 
shown  further,  it  is  possible  that  calcu¬ 
lation  errors  cause  uncertainty  in  the 
pentultimate  significant  figure.  It  is  this 
lack  of  sufficient,  reliable  significant 
figures  which  causes  the  difficulties  in 
obtaining  the  sum  of  the  deviations  for 
Equations  (3)  and  (7).  For  example, 


the  direct  calculation  of  the  sum  of  the 
deviations  squared  for  the  Li  I  sequence 
with  Equation  (3)  gives  0.0164,  but  the 
eight  significant  figures  of  the  output 
are  sufficient  only  to  obtain  the  tenths 
digit.  The  value  tabulated  in  Table  2  is 
0.0  which  is  correct  to  the  tenths  digit. 

Since  the  Z(  are  coefficients  of  an  ex¬ 
pansion  in  orthonormal  polynomials, 
each  Zj2  is  the  contribution  of  the  ith 
degree  of  freedom  (in  the  order  which 
the  independent,  statistical  variables  are 
taken)  to  the  residual  I2  sum  of  the 
preceding  i  - 1  contributions.  Further, 
each  Z,2  depends  upon  the  correlation 
coefficients.  For  example,  the  contribu¬ 
tion  of  the  second  independent  variable, 
h2,  is  given  by 

h*  =  N  r„V  (12) 

Clearly,  the  value  of  l2  in  the  output 
would  have  been  greater  if  the  quad¬ 
ratic  term  had  been  given  second  since 
riq>rn.  If  one  term  of  the  expansion 
dominates  the  expansion,  and  if  that 
term  is  listed  first,  its  contribution  will 
be  most  of  the  I2  sum.  This  is  the  same 
type  of  information  which  was  obtained 
from  the  rpq  Values.  Indeed,  in  this  in¬ 
vestigation,  the  I2  sum  was  more  evenly 
dispersed  among  the  degrees  of  freedom 
when  Glockler’s  data  were  used  than 
when  Moore’s  data  were  used. 

Since  most  of  the  different  isoelec- 
tronic  series  had  a  different  number  of 
observables,  the  d2  sum  is  more  diffi¬ 
cult  to  use  than,  say,  the  quantity  D. 
However,  the  d2  sum  values  lead  to  the 
same  conclusions  (when  such  values  are 
significant)  as  have  previously  been  ob¬ 
tained.  The  values  listed  under  Scherr, 
et  al.  with  Z  as  the  independent  vari¬ 
able  (in  the  experimental  sense)  are 
the  same  as  those  in  the  present  in¬ 
vestigation  since  the  input  data  are 
the  same.  No  results  are  listed  for 
the  “experimental”  equation  since  no  a 
priori  knowledge  of  the  independent 
variable  (in  the  experimental  sense) 
exists. 

As  indicated,  the  output  shows  the 
contribution  to  the  variance  of  each 
degree  of  freedom  which  is  represented 
by  each  of  the  independent  variables  (in 
the  statistical  sense).  This  distribution 
is  accomplished  by  converting  each  Z,2 
to  an  estimate  of  a  sample  variance  for 
that  term.  The  individual  contributions, 
being  order  dependent  are  of  little  use 
in  judging  “goodness”.  Consequently,  the 
individual  contributions  were  summed 
over  all  independent  variables  (in  the 


Ionization  Energy 


391 


statistical  sense).  These  values  are 
given  in  Table  2.  The  values  show  that 
Equations  (3)  and  (7)  almost  recover 
the  total  variance.  Equation  (7)  is 
slightly  better,  thus  reflecting  the  in¬ 
creased  correlation  between  Zefj!2  and  I 
as  compared  to  Z2  and  I.  This  particular 
test  puts  Equation  (5)  in  a  very  favor¬ 
able  position  and  Equation  (6)  in  an 
extremely  bad  position.  Although  the 
numerical  difference  between  the  total 
proportion  for  Equation  (5)  and  Equa¬ 
tion  (6)  is  small,  there  is  a  definite  in¬ 
dication  of  the  former  being  the  better 
equation. 

The  values  listed  under  Glockler  are 
misleading.  The  number  of  points  in 
each  of  these  isoelectronic  series  is  few. 
With  such  a  small  number,  e.  g.,  two 
for  F  I,  the  total  variance  is  more  easily 
fitted  by  equations  with  few  independent 
variables  (in  the  statistical  sense).  On 
the  other  hand,  the  nearly  perfect  values 
listed  under  Scherr,  et  al.  with  Zeff  as 
the  independent  variable  (in  the  exper¬ 
imental  sense)  truly  reflect  the  “good¬ 
ness”  of  their  Zeff  values  as  compared 
to  the  Zeff  values  used  in  this  investi¬ 
gation.  The  reader  should  note  that  al¬ 
though  Glockler  and  Scherr,  et  al,  use 
fitting  equations  whose  coefficient  of  the 
linear  term  is  zero,  this  does  not  elim¬ 
inate  contributions  to  the  I2  sum  or  to 
the  total  variance  by  the  linear  term. 
These  contributions  depend  only  on  the 
values  of  the  Z'Z  matrix  and  the  Z'l 
matrix,  i.  e.,  on  values  which  are  de¬ 
rived  from  the  input  variable  values. 
In  preparing  comparisons  to  the  pres¬ 
ent  work,  the  contributions  of  the  linear 
term  are  always  included.  By  reversing 
the  order  of  the  independent  variables 
(in  the  statistical  sense)  one  could  cal¬ 
culate  what  contribution  to  the  total 
variance  is  actually  lost  by  Glockler  and 
by  Scherr,  et  al.  in  omitting  the  linear 
term.  From  the  previous  discussion,  the 
omission,  by  Glockler,  of  the  linear  term 
in  the  H  I  sequence  is  more  significant 
than  the  omissions  by  Scherr,  et  al. 
Thus,  with  the  Zeff  of  Scherr,  et  al.  one 
obtains  an  equation  which  is  essentially 
linear  in  the  quadratic  term. 

The  next  quantity  which  is  calculated 
by  the  canned  program  is  the  multiple 
correlation  coefficient  (Baten,  1938). 
This  quantity  is  similar  to  the  correla¬ 
tion  coefficient  which  was  previously 
discussed  except  that  the  multiple  cor¬ 
relation  coefficient  correlates  the  depend¬ 
ent  variable  to  two  or  more  of  the  in¬ 
dependent  variables  (in  the  statistical 


sense).  In  the  present  investigation, 
there  are  only  two  independent  vari¬ 
ables  (aside  from  the  weighting  fac¬ 
tor)  which  means  that  only  a  trivariate 
correlation  coefficient,  RIi?q,  is  needed 
to  represent  the  correlation  between  the 
dependent  variable  and  all  of  the  inde¬ 
pendent  variables.  The  square  of  this 
quantity,  Rr  lQ2,  is  tabulated  in  Table 
2.  The  output  of  the  Clioleski  program 
actually  lists  the  square  of  the  multiple 
correlation  coefficient  as  each  independ¬ 
ent  variable  is  added.  Therefore,  the 
first  value  which  is  tabulated  is  simply 
ru2  which  can  be  obtained  by  squaring 
the  value  of  riz.  If  the  independent  vari¬ 
ables  had  been  in  some  order  other  than 
that  specified  by  Equations  (3)  through 
(7),  the  first  value  given  in  the  output 
would  have  been  the  square  of  a  dif¬ 
ferent  bivariate  correlation  coefficient. 

An  analysis  of  Ri.;Q2  yields  the  same 
information  on  “goodness”  which  has 
been  obtained  before.  The  ordering  of 
equations  is  the  same  as  with  all  other 
criteria,  but  this  particular  criterion  is 
another  one  which  does  emphasize  the 
“poorness”  of  Equation  (6).  On  the 
other  hand,  this  criterion  is  not  as  sen¬ 
sitive  as  others  in  ordering  the  various 
isoelectronic  sequences  using  one  par¬ 
ticular  equation.  This  failure  is  due 
not  only  to  the  fact  that  the  output  of 
the  canned  program  yields  RT,*Q2  to  only 
four  decimal  places  but  that  other,  dif¬ 
ferent  methods  of  calculation  from  the 
output  indicate  that  reliance  can  only 
be  placed  upon  the  first  five  decimal 
places.  For  example,  a  direct  calculation 
using  the  values  of  the  bivariate  correla¬ 
tion  coefficients  given  in  the  output 
yields,  for  Li  I  with  Equation  (3), 
R i  i q2  —  0.99999052.  It  can  be  shown 
that  the  trivariate  correlation  coefficient 
is  also  equal  to  the  sum  of  the  propor¬ 
tions  of  variance  given  in  Column  6  of 
Table  2.  Thus,  for  Li  I  with  Equation 
(3),  Rj.jq2  —  0.99999995.  These  two 
methods  of  calculation  show  that  re¬ 
liance  can  only  be  placed  upon  the  first 
five  decimal  places.  This  conclusion  is 
sufficient  to  show  that  one  cannot  use 
R,  jq2  from  this  output  to  sort  the  var¬ 
ious  isoelectronic  sequences  according 
to  “goodness”  for  each  of  the  equations 
which  were  tested. 

The  values  of  RMQ2  for  the  work  of 
Glockler  and  Scherr,  et  al.  are  also  quite 
close  to  unity.  In  fact,  the  values  for 
Scherr,  et  al.  show  perfect  multiple  cor¬ 
relation.  Once  again,  though,  the  values 
obtained  with  Gloclder’s  data  indicate 
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some  experimental  error  in  the  data. 
These  very  high  values  of  Ri,/q2  con¬ 
tinue  to  indicate  that  one  must  be  able 
to  obtain  these  multiple  correlation  co¬ 
efficients  to  a  higher  degree  of  accuracy 
or  must  rely  on  an  alternate  criterion. 

To  continually  encounter  statistics 
which  are  so  close  to  the  limiting  values 
of  the  statistics  causes  one  to  pause  to 
consider  a  method  of  obtaining  statistics 
away  from  their  limiting  values.  Per¬ 
haps  one  might  be  reminded  of  the  tech¬ 
niques  used  by  Scatchard  (1949)  to 
find  the  functional  behavior  of  the  non¬ 
ideal  properties  of  solution  by  first  sub¬ 
tracting  the  theoretical  ideal  behavior 
from  the  experimental  observable.  Then, 
since  Z-  appears  to  be  the  variable  which 
contributes  the  most  in  each  of  the  sta¬ 
tistical  studies,  one  might  define  a  new 
dependent  variable,  I  -  aZ2.  Then  the 
revised  equation  could  then  be  tested 
by  the  techniques  which  have  been  out¬ 
lined.  One  would  expect  to  find  that 
quantities  such  as  RI>{Q2  and  total  pro¬ 
portion  of  variance  would  not  be  so  close 
to  their  limiting  values.  However,  the 
values  might  still  be  quite  high  com¬ 
pared  to  values  obtained  in  other  sta¬ 
tistical  studies,  e.  g.,  some  psychological 
studies  or  perhaps  I.Q.  as  a  function  of 
height.  This  conclusion  is  indicated  by 
the  many  bivariate  correlation  coeffic¬ 
ients  obtained  in  this  study  which  have 
exceeded  0.9. 

The  real  problem  in  creating  a  new 
dependent  variable,  I  -  aZ2,  is  the  choice 
of  the  coefficient  a.  That  is,  placing  the 
Z2  term  with  the  dependent  variable 
assumes  that  one  knows  precisely  its 
contribution.  Therefore,  the  redefined 
problem  would  no  longer  be  susceptible 
to  a  solution  wherein  all  contributions 
of  Z  would  be  obtained  under  a  least 
squares  criterion.  Such  comments  have 
already  been  made  concerning  the  re¬ 
sults  of  Scherr,  et  al.  and  the  H  I  re¬ 
sults  of  Glockler.  That  is,  only  Column 
2  of  Table  2  can  be  used  to  judge 
“goodness”  of  a  fitted  equation  which 
is  not  obtained  under  a  least  squares 
criterion.  The  experimenter’s  dilemma 
is  clear;  either  create  an  equation  for 
which  many  statistical  tests  are  not  suf¬ 
ficiently  sensitive  or  create  an  equation 
with  a  priori  knowledge  inserted  by  the 
experimenter. 

The  final  column  of  Table  2  tabulates 
a  statistical  quantity  which  is  sensitive 
enough  to  distinguish  between  equations 
containing  high  degrees  of  correlation. 
This  quantity,  called  the  estimated  var¬ 


iance  of  I  or,  symbolically,  s2  (also 
called  the  sample  standard  error  of  es¬ 
timate  or  sample  standard  error  of  pre¬ 
diction),  is  an  unbiased  ^-estimate  of 
<t2,  the  variance  of  I  about  the  regres¬ 
sion  curve  (Pearson  and  Hartley,  1956). 
The  canned  program  obtains  an  s2  value 
after  each  variable  (in  the  statistical 
sense)  is  added.  Like  many  of  the  pre¬ 
ceding  quantities,  the  stepwise  s2  values 
are  dependent  upon  the  order  in  which 
the  independent  variables  (in  the  sta¬ 
tistical  sense)  are  taken.  Since  the  last 
value  provides  an  estimate  of  the  var¬ 
iance  of  I  after  all  independent  variables 
are  added,  it  is  not  order  dependent. 
Thus,  it  is  this  final  value  that  is  tab¬ 
ulated  in  Table  2. 

The  estimated  variance  of  I  is  re¬ 
lated  to  the  population  standard  error 
of  prediction  (also  called  the  population 
standard  error  of  estimate),  <re2,  by 

N 

s2  -  -  <t e~  (13) 

N-K 

where  N  is  the  number  of  observations 
and  K  is  the  number  of  independent 
variables  (in  the  statistical  sense)  in¬ 
cluding  the  statistical  weight.  The  quan¬ 
tity  (t e2  is  precisely  the  square  of  the 
quantity  (Deviation) rms  which  is  used 
in  Equation  (9)  (Baten,  1938).  That  is, 
<re2  is  simply  the  mean  value  of  the 
square  of  the  deviations. 

The  s2  values  give  approximately  the 
same  information  as  the  Percent  Aver¬ 
age  Deviation;  e.  g.,  the  ordering  of  the 
various  equations  is  precisely  the  same. 
But,  there  are  some  individual  varia¬ 
tions  concerning  the  ordering  of  isoelec- 
tronic  sequences  within  the  framework 
of  single  test  equations.  For  example, 
the  H  I  series  best  fits  Equation  (3) 
if  one  uses  the  criterion  of  Percent  Av¬ 
erage  Deviation  but  is  only  the  third 
best  fit  if  s2  is  used  as  a  criterion.  The 
differences  occur  because  the  dependent 
observables  of  some  test  series  have  a 
very  large  magnitude  compared  to  the 
corresponding  values  of  other  test  ser¬ 
ies.  The  Percent  Average  Deviation  re¬ 
flects  this  information  while  s2  does  not. 
For  this  reason  alone  the  authors  prefer 
Percent  Average  Deviation  as  a  criter¬ 
ion.  On  the  other  hand,  it  is  readily  ap¬ 
parent  that  either  criterion  satisfactori¬ 
ly  orders  the  test  equations,  thus  one 
might  argue  that  differences  within  the 
framework  of  a  single  equation  are  not 
significant  enough  to  warrant  their  use 
in  judging  “goodness”. 
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Since  several  different  statistics  have 
been  considered,  the  question  arises  as 
to  the  significance  of  the  various  sta¬ 
tistics.  Perhaps  significance  can  best  he 
explained  by  the  following  example. 
Suppose  that  values  of  rIQ  other  than 
the  predicted  value  occur  in  1%  of  a 
sample  of  a  given  population;  i.  e.,  the 
predicted  value  occurs  in  99%  of  the 
measurements.  Now  suppose  that  values 
of  rIQ  other  than  the  predicted  value 
occur  in  5%  of  the  measured  sample.  In 
the  language  of  statistics,  the  rIQ  values 
occurring  99%  (99th  percentile)  of  the 
time  or  at  the  1%  level  are  more  sig¬ 
nificant  than  the  rIQ  values  at  the  5% 
level. 

The  canned  program  calculates,  after 
the  addition  of  each  independent  vari¬ 
able  (in  the  statistical  sense  excluding 
the  weighting  variable),  an  F-ratio 
(Pearson  and  Hartley,  195G)  from  which 
one  can  evaluate  the  significance  of  the 
bivariate  and  multivariate  correlation 
coefficients.  In  this  investigation,  the 
value  of  the  bivariate  correlation  coef¬ 
ficient,  ru,  and  the  squared  value  of  the 
multivariate  correlation  coefficient, 
icf,  are  listed  in  Table  2.  The  F-ratios 
corresponding  to  each  of  these  correla¬ 
tion  coefficients,  FM  and  FMQ,  respec¬ 
tively,  are  given  in  Table  3.  The  output 
format  of  the  program  is  such  that  any 
value  greater  than  9.99999  x  105  is  con¬ 
sidered  as  infinity.  For  purposes  of  com¬ 
parison  these  values  have  been  calcu¬ 
lated  directly  and  are  given  in  Table  3 
in  square  brackets.  The  output  F  values 
were  compared  to  F  values  listed  in 
tables  given  by  Dixon  and  Massey 
(1957).  The  greatest  level  of  signifi¬ 
cance  indicated  by  their  tables  is  at  the 
0.05%  level.  The  percent  levels  are  also 
given  in  Table  3.  The  results  show  that 
all  multivariate  correlation  coefficients 
obtained  in  this  study  are  highly  sig¬ 
nificant. 

Formally  the  F-ratio  tests  a  null  hy¬ 
pothesis.  In  this  particular  case,  the  F- 
ratio  tests  whether  the  dependent  vari¬ 
able  is  uncorrelated  to  the  independent 
variables,  i.  e.,  R  —  O  (Anderson,  1958). 
If  the  calculated  F-value  exceeds  the  F- 
value  tabulated  for  an  upper  a%  level, 
then  the  null  hypothesis  is  rejected  at 
that  a%  level.  The  implication  then 
follows  that  the  higher  the  a%  level  at 
which  the  null  hypothesis  is  rejected  the 
more  highly  correlated  are  the  variables. 
An  alternate  approach  would  be  to  test 
directly  the  hypothesis  that  variables 
are  correlated  hut  that  test  would  in¬ 


volve  a  much  more  complex  probability 
distribution  containing  a  confluent  hy¬ 
pergeometric  function  for  which  com¬ 
parison  tables  are  not  readily  available. 

Although  the  calculation  of  the  F-ratio 
essentially  involves  the  evaluation  of  the 
quantity  (R2/l-R2),  the  calculation  is 
equivalent  to  finding  the  ratio  of  the 
sum  of  squares  due  to  the  independent 
variables  (excluding  the  weight)  to  the 
residual  sum  of  squares.  Consequently, 
an  alternate  statement  of  the  null  hy¬ 
pothesis  is  that  there  is  no  significant 
difference  between  the  two  sums.  Re¬ 
jection  of  the  null  hypothesis  in  this 
form  indicates  that  there  is  a  significant 
difference  between  the  value  of  the  de¬ 
pendent  variable  as  predicted  by  the  re¬ 
gression  curve  and  the  value  as  pre¬ 
dicted  by  its  own  mean  value.  The  im¬ 
portance  of  testing  the  significance  of 
R  is  made  clear  from  statistical  theory 
which  shows  that  it  is  the  only  quan¬ 
tity  which  is  invariant  with  respect  to 
changes  of  location  of  the  variables,  to 
changes  in  scale  of  the  dependent  vari¬ 
able,  and  to  non-singular  transforma¬ 
tions  of  the  independent  variables  (An¬ 
derson,  1958). 

Usually  the  F-ratio  is  used  only  to 
determine  levels  of  significance,  but  with 
care  it  may  be  used  to  judge  “goodness” 
(Hoppesch,  et  al.,  1961).  Caution  must 
be  used  here  to  assure  that  only  those 
F-ratios  which  have  the  same  degrees 
of  freedom  are  compared.  For  example, 
in  comparing  Percent  Average  Devia¬ 
tion,  it  was  possible  to  obtain  an  aver¬ 
age  value  for  all  series  with  each  single 
equation  and  compare  the  averages. 
With  the  F-ratio,  it  is  only  possible  to 
compare  the  F-value  of  each  isoelec- 
tronic  series  with  each  equation.  If  this 
is  done  (with  either  FM  or  FI>lQ), 
the  same  ordering  of  equations  is  ob¬ 
tained  as  with  the  other  criteria.  The 
incorporation  of  the  degrees  of  freedom 
into  the  judging  criterion  removes  the 
uncertainity  which  was  mentioned  in 
the  discussion  of  ru  and  rIQ.  The  prob¬ 
lem  still  remains  as  to  what  F-value  is 
so  large  as  to  be  called  infinity.  Obvi¬ 
ously  beyond  a  certain  upper  limit,  there 
is  no  meaning  in  comparing  two  F- 
ratios. 

In  a  like  manner,  within  the  frame¬ 
work  of  a  single  equation,  one  can  com¬ 
pare  various  isoelectronic  series  if  they 
have  the  same  degrees  of  freedom.  In  the 
present  study,  Li  I  and  Cl  I  form  a  pair 
and  C  I  and  F  I  form  a  pair  since  the 
two  members  of  each  pair  have  the  same 
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number  of  observations  as  well  as  the 
same  number  of  independent  variables 
(in  the  statistical  sense).  Comparison  of 
the  F-values  of  each  member  of  a  pair 
within  the  framework  of  each  equation 
leads  to  the  same  general  conclusions 
which  have  been  obtained  previously. 
In  one  instance  though  a  comparison  of 
nearly  equal  values  of  FIi{Q  led  to  a 
reversal  of  the  ordering  obtained  with 
rIQ.  However,  the  criteria  are  not  strict¬ 
ly  comparable  since  one  quantity  deals 
with  a  bivariate  relationship  while  the 
other  deals  with  a  trivariate  relation¬ 
ship.  This  small  discrepancy  emphasizes 
the  danger  in  trying  to  make  all  com¬ 
parisons  absolute  That  is,  a  comparison 
of  two  numbers  such  as  1145  and  1342 
may  mean  no  more  than  the  two  quanti¬ 
ties  have  equal  “goodness”. 

The  values  of  infinity  of  Ful  and  FMQ 
shown  under  Glockler  in  Table  3  result 
from  the  limited  number  of  experimental 
points  which  were  used  to  make  the  cal¬ 
culation.  For  example,  only  three  points 
were  available  for  F  I  and  Cl  I.  These 
three  points  exactly  defined  a  quadratic 
curve  and,  hence,  led  to  an  RIJQ  value 
of  1.000  which,  in  turn,  yields  a  value  of 
infinity  for  FI  fQ.  If  the  extrapolated 
values  of  Glockler  had  been  available  it 
is  likely  that  a  large  but  not  infinite 
value  would  have  been  obtained.  On  the 
other  hand,  the  values  of  infinity  shown 
under  Sclierr,  et  al.  in  Table  3  result 
from  round  off  errors,  i.  e.,  to  within  the 
number  of  significant  figures  which  were 
used,  the  error  sum  of  squares  was 
zero. 

This  Choleski  program  also  calculates 
values  which  allow  one  to  assay  the  sig¬ 
nificance  of  the  coefficients  of  the  inde¬ 
pendent  variables  (in  the  statistical 
sense  and  excluding  the  weight  vari¬ 
able)  which  have  been  obtained  in  the 
study.  The  statistical  test  which  is  used 
is  the  two-tailed  t-test  (Pearson  and 
Hartley,  1956).  The  Student’s  t-value  for 
ao,  tr>l,  and  the  Student’s  t-value  for  a3, 
tI  ?Q,  are  given  in  Table  3.  During  this 
test,  the  program  calculates  the  percent 
level  of  significance  of  the  Student’s 
t-value  to  two  decimal  places  which 
eliminates  the  need  of  any  table  look-up. 
These  levels  of  significance  in  percent 
are  also  given  in  Table  3.  Corresponding 
values  for  the  equation  of  Glockler  and 
for  the  equations  of  Scherr,  et  al.  were 
calculated  with  the  available  data.  No 
entries  are  posted  for  the  Glockler  se¬ 
quences  for  which  the  number  of  data 
points  equals  the  number  of  unknown 


coefficients.  Then  the  fitted  coefficients 
would  each  have  t-values  of  infinity  since 
they  could  contain  no  error.  However, 
this  type  of  high  significance  is  not  com¬ 
parable  to  the  other  values  of  the  table. 
Also,  no  values  of  significance  are  given 
for  the  linear  term  of  the  H  I  series  as 
calculated  by  Glockler  or  to  the  linear 
term  in  each  of  the  equations  in  effective 
nuclear  charge  which  were  obtained  by 
Scherr,  et  al.  In  these  cases,  the  co¬ 
efficient  was  assumed  to  be  zero  and,  in 
the  calculation  procedure,  a  zero  co¬ 
efficient  would  lead  to  a  zero  t-value 
which  would  indicate  no  significance  at 
all.  Once  again  this  type  of  significance 
is  not  comparable  to  the  other  values 
given  in  Table  3.  For  the  Li  I  series 
with  Equation  (7),  the  round  off  within 
the  program  yielded  a  t-value  of  zero. 
Therefore,  for  comparison  purposes,  this 
value  was  calculated  directly  and  entered 
in  Table  3  in  brackets.  The  entries  in 
Table  3  indicate  a  high  level  of  sig¬ 
nificance  for  each  coefficient  except  a2  of 
the  H  I  series  using  Equation  ( 3 ) .  This 
one  exception  is  explained  by  the  fact 
that  the  fitted  value  is  close  to  zero 
which  indicates  a  high  probability  of 
fluctuation  about  the  zero  value  predict¬ 
ed  by  Quantum  Theory  for  hydrogen-like 
species. 

As  with  the  F-ratio,  the  t-test  may  be 
used  to  judge  “goodness”  if  one  com¬ 
pares  only  those  quantities  with  equal 
degrees  of  freedom.  In  general  the  con¬ 
clusions  are  the  same  as  the  conclusions 
from  the  comparisons  made  with  the 
F-ratio.  One  distinct  difference  though 
occurs  with  the  t-test  values  for  the 
linear  term  of  Equation  (7)  with  each 
isoeleetronic  series.  These  values  are  not 
similar  to  the  values  obtained  with  Equa¬ 
tion  (3)  although  one  would  have 
guessed  that  the  same  reliability  would 
have  been  obtained  in  the  two  cases  since 
the  transformation  to  is  linear.  The 
only  apparent  explanation  seems  to  be 
that  the  linear  combination  leading  to 
the  linear  term  of  Equation  (7)  leads  to 
an  aL>  value  which  is  smaller  than  the 
corresponding  coefficient  of  Equation 
(3).  Since  the  coefficient  appears  in  the 
numerator  of  the  t-test  calculation,  the 
t-value  is  also  smaller  unless  the  error 
sum  of  squares  is  also  smaller,  but  the 
results  on  Percent  Average  Deviation 
show  that  the  error  sum  of  squares  is 
not  smaller.  Again,  as  with  the  F-ratio, 
the  improvement  in  the  reliability  of  the 
quadratic  term  with  the  use  of  Zeff  is 
minimal  for  F  I,  Na  I,  and  Cl  I.  This 


Table  4. — Electron  Affinities  (in  e.  v.) 
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fact  implies  that  the  Slater  s  values  are 
not  very  good  choices  for  obtaining  Zeff. 
However,  the  s  choice  of  Scherr,  et  al. 
leads  to  no  greater  improvement  in  com¬ 
paring  the  quadratic  term  of  Equations 
(3)  and  (7)  for  F  I.  Therefore  the  dif¬ 
ficulty  may  be  in  the  input  experimental 
data  rather  than  the  choice  of  s.  An  ex¬ 
amination  of  the  t-values  also  does  not 
show  Equation  (5)  to  be  much  better 
than  Equations  (4)  and  (6)  as  has  been 
true  with  some  of  the  other  criteria. 

The  t-distribution  may  be  used  to  es¬ 
tablish  confidence  limits  on  the  coeffi¬ 
cients  of  the  independent  variables  (in 
the  statistical  sense)  (Dixon  and  Mas¬ 
sey,  1957).  The  method  compels  each 
experimenter  to  judge  at  what  statistical 
level  he  wishes  to  establish  the  confi¬ 
dence  limits.  This  element  of  variability 
plus  the  fact  that  the  goals  of  this  in¬ 
vestigation  were  concerned  only  with 
“goodness”  of  the  various  equations  and 
not  the  details  of  the  equations  dictate 
the  omission  of  any  tabulation  of  con¬ 
fidence  limits.  However,  for  the  purpose 
of  illustration,  a  direct  calculation  shows 
that  at  the  1%  level  the  errors  in  a2  and 
a,3  for  Li  I  with  Equation  (3)  are  0.039 
and  0.00074,  respectively. 

The  output  provides  the  researcher 
with  one  check  on  the  errors  which  oc¬ 
cur  during  the  processing  of  the  data. 
This  is  done  by  listing  the  maximum 
absolute  difference  between  the  original 
Z'Z  matrix  and  the  Z'Z  matrix  which  is 
obtained  upon  inverting  the  derived 
(Z'Z)-t  matrix.  In  this  investigation,  the 
numerical  checks  verify  the  conclusions 
which  have  been  drawn  with  reference 
to  the  size  and  range  of  the  variables 
which  have  been  used. 

Finally,  there  is  one  other  method  of 
testing  “goodness”  which  must,  if  pos¬ 
sible,  be  used  by  the  applied  mathema¬ 
tician.  That  criterion  is  the  comparison 
to  experiment.  The  substitution  of  a 
Z  value  one  less  than  that  of  the  neutral 
atom  for  which  the  isoelectronic  series 
is  named  yields  the  electron  affinity  of 
the  atomic  specie  represented  by  that  Z 
value.  The  results  are  tabulated  in 
Table  4.  For  comparison  the  values  ob¬ 
tained  with  the  equations  of  Glockler, 
the  values  obtained  with  the  truncated 
versions  of  the  equations  of  Scherr,  et 
al.,  the  values  obtained  with  the  final 
equations  of  Scherr,  et  al.,  and  the  avail¬ 
able  experimental  values  are  also  given 
in  Table  4. 

The  hazards  of  this  extrapolation  pro¬ 
cedure  are  discussed  by  Scherr,  et  al. 


and  their  references.  As  a  result  of  these 
hazards,  comparisons  made  to  results 
from  other  workers  may  shed  as  much 
light  on  the  value  of  the  present  equa¬ 
tions  as  the  direct  comparison  to  experi¬ 
ment. 

The  electron  affinities  calculated  from 
Equations  (3)  and  (7)  are  essentially 
the  same.  These  values  are  uniformly 
too  low  when  compared  to  the  experi¬ 
mental  values;  and,  in  fact,  the  stability 
of  He-,  B-,  and  0~  is  incorrectly  predict¬ 
ed.  However,  the  same  is  true  for  the 
values  from  the  truncated  equations  of 
Scherr,  et  al.  The  present  results  though 
are  closer  to  experiment  than  these  trun¬ 
cated  results  of  Scherr,  et  al.  The  ex¬ 
planation  of  these  differences  is  simply 
that  Scherr,  et  al.  depend  upon  the  extra 
terms  in  their  final  function  to  correct 
this  discrepancy  whereas  the  least 
squares  method  attempts  to  accomplish 
the  correction  by  the  method  of  fitting. 
The  fact  that  the  results  of  Equations 
(3)  and  (7)  do  not  agree  as  well  with 
experiment  as  the  final  results  of  Scherr, 
et  al.  indicates  that  Equations  (3)  and 
(7)  have  insufficient  independent  vari¬ 
ables  (in  the  statistical  sense). 

Equations  (4),  (5),  and  (6)  yield 

electron  affinities  which  deviate  widely 
from  the  experimental  values.  The  large 
discrepancies  emphasize  the  magnitude 
which  the  statistical  quantities  must  as¬ 
sume  in  order  to  have  meaning  for  the 
chemist.  For  example,  the  value  of  Ri.jq, 
0.998,  which  was  obtained  with  Equa¬ 
tion  (5)  for  Na  I  is  not  close  enough  to 
unity  to  indicate  that  the  equation  will 
yield  good  electron  affinities.  That  is,  the 
techniques  which  have  been  discussed 
are  not  to  be  dismissed  as  useless,  but 
they  must  be  viewed  in  terms  of  a  de¬ 
fined  frame  of  reference.  The  comparison 
to  experiment  establishes  that  frame  of 
reference.  In  fact,  for  Ne_  where  no 
experimental  data  is  available,  the  sta¬ 
tistical  criteria  are  the  only  criteria 
available.  Further,  the  statistical  cri¬ 
teria  yield  information  concerning  the 
individual  degrees  of  freedom  (the  in¬ 
dependent  statistical  variables)  which 
are  not  obtainable  in  the  comparison  to 
experiment. 

The  percent  deviations  of  the  predict¬ 
ed  electron  affinities  are  greater,  with 
each  equation,  than  the  Percent  Average 
Deviations  which  are  given  in  Table  2. 
This  can  be  explained  by  an  examination 
of  the  individual  deviations  of  each 
isoelectronic  series  with  each  equation. 
First,  considered  as  a  function  of  Z,  none 
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of  the  deviations  within  each  isoelec- 
tronic  series  are  completely  random, 
although  those  of  Equations  (3)  and  (7) 
approach  randomness.  Second,  the  devia¬ 
tions  for  the  predicted  values  of  the 
first  member,  Z1(  and  the  last  member 
Z(,  of  each  isoelectronic  series  are  very 
large  compared  to  the  mean  deviation. 
Combining  these  two  facts,  one  conclud¬ 
ed  that  an  extrapolation  to  Z*-}-l  or 
Zx— 1  will  lead  to  a  predicted  value 
whose  deviation  from  the  expected  true 
value  is  greater  than  any  of  the  other 
deviations  of  the  predicted  values  of  the 
series  members  from  their  true  values. 
This  conclusion  suggests  the  possibility 
that  lack  of  sufficient  and/or  good  data 
is  responsible  for  the  inability  of  a  least 
squares  procedure  to  provide  a  quadrat¬ 
ic  fit  which  can  adequately  reproduce 
experiment. 

For  the  convenience  of  the  reader,  a 
sample  of  the  output  is  given  in  the  Ap¬ 
pendix.  Each  step  of  the  sample  has  an 


accompanying  explanation.  The  sample 
is  for  the  Li  I  isoelectronic  sequence 
using  Equation  (3). 
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EFFECTS  OF  COLD  AND  HIBERNATION  ON  THE 
HISTOLOGY  AND  HISTOCHEMISTRY  OF  THE 
HAMSTER  SUBMAXILLARY  GLAND 


JIM  N.  TONE 

Department  of  Biological  Sciences,  Illinois  State  University,  Normal,  Illinois. 


Abstract. — A  marked  atrophy  of  the 
submaxillary  glands  of  hamsters  result¬ 
ed  during  hibernation  and  exposure  to 
cold  (5°C)  for  a  period  of  three  months. 
This  study  utilized  both  histological  and 
histochemical  techniques  to  characterize 
these  changes.  The  acinar  cells  were 
markedly  reduced  in  size  in  the  atrophic 
glands.  Histometric  analyses  confirmed 
the  visual  impressions  and  indicated  a 
significant  reduction  in  tubular  diameter 
in  the  atrophic  glands  of  hibernating 
hamsters.  The  atrophic  acinar  cells  of 
hibernating  hamsters  were  almost  de¬ 
void  of  RNA  although  the  accumulation 
and  distribution  of  RNA  was  not  altered 
in  the  cold  exposed  animals.  The  con¬ 
centration  and  distribution  of  PAS-posi- 
tive  material  in  the  acinar  cells,  tubules 
and  ducts  in  glands  of  cold  exposed  and 
hibernating  hamsters  was  not  changed. 


Alterations  in  size,  histology  and 
histochemistry  of  digestive  glands 
during  hibernation  when  very  little 
food  is  ingested  and  digested  have 
been  reported  (Mayer  and  Bernick, 
1957;  Troyer,  1959).  Mayer  (1960) 
suggests  that  the  collapse  of  acini 
of  submaxillary  glands  of  hibernat¬ 
ing  arctic  ground  squirrels  might 
indicate  a  withdrawal  of  protein 
from  these  inactive  cells  for  utiliza¬ 
tion  in  essential  metabolic  processes. 
Hamsters,  unlike  ground  squirrels, 
have  frequent  periods  of  awakening 
in  the  course  of  hibernation  in  which 
they  feed.  This  study  was  under¬ 


taken,  therefore,  to  study  the  effect 
of  cold  and  hibernation  on  the  mor¬ 
phology  and  histochemistry  of  sub¬ 
maxillary  glands  of  hamsters.  The 
histochemical  tests  were  utilized  to 
further  characterize  any  morpholog¬ 
ical  changes  that  may  occur. 

Materials  and  Methods 

Ten  adult  male  hamsters  ( Mesocrice - 
tus  auratus )  were  exposed  to  a  continu¬ 
ous  cold  environment  of  5°C  for  12 
weeks.  Five  of  these  hamsters  entered 
hibernation  during  this  cold  exposure 
period;  the  others  remained  active  and 
showed  no  signs  of  becoming  torpid.  The 
torpid  animals  had  hibernated  for  a 
period  of  one  to  three  days  before  au¬ 
topsy.  Ten  control  hamsters  were  main¬ 
tained  at  ambient  temperature  (24°  + 
1°C). 

The  animals  were  killed  by  a  sharp 
blow  to  the  head,  submaxillary  glands 
were  removed  and  dissected  free  of  ex¬ 
traneous  connective  tissue.  The  right 
submaxillary  glands  were  then  weighed. 
Tissues  were  then  bisected  and  fixed  in 
neutral  formalin.  After  routine  paraffin 
embedding,  the  tissues  were  sectioned  at 
six  and  eight  microns. 

Hematoxylin  and  eosin  staining  of 
tissues  was  used  for  morphologic  study 
and  histometric  methods.  Additional 
technical  details  for  histometric  measure¬ 
ments  are  supplied  under  Results. 

The  periodic  acid-Schiff  (PAS)  tech¬ 
nique  was  employed  for  the  demonstra¬ 
tion  of  1:2  glycol  linkages  (McManus, 
1948).  Control  slides  were  incubated  for 
one  hour  in  a  0.1  per  cent  aqueous  malt 
diastase  solution  at  40  °C  in  order  to 
eliminate  glycogen. 
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Table  1. — Effect  of  Cold  Exposure  (3  months  at  5°C)  and  Hibernation  on  Body  Weight, 
Right  Submaxillary  Gland  Weight,  Counts  of  Acinar  Cell  Nuclei  and  Tubular  Diameter1. 


Treatment 

No.  of 
Hamsters 

Final  Body 
Weight2 

(gm) 

Gland 

Weight 

(mg) 

Acinar  Cell 
Nuclei3 

Tubular 

Diameter4 

(m) 

Control . 

10 

121  ±3.0 

266  +  5 

578  +  23 

51.1+0.8 

Cold-exposed . 

5 

1 12  ±  6 . 1 

245  +  9 

744  +  34 

47.9+1.1 

Hibernating . 

5 

97  +  5.2 

213+6 

827  +  34 

40.8  +  0.4 

1  All  values  are  means  ±  standard  error 

2  Initial  body  weight  105  ±  2.3  gm 
::  Counts/10  high  power  fields 

4  Twenty  measurements/gland 


For  the  demonstration  of  RNA,  sec¬ 
tions  were  incubated  for  one  hour  at 
37 °C  in  glass  distilled  water.  Parallel 
control  slides  were  incubated  for  one 
hour  at  37  °C  in  crystalline  ribonuclease 
(Worthington  Laboratories)  solution 
prepared  with  glass  distilled  water  (1 
mg/ml).  All  sections  were  then  stained 
by  the  methyl  green-pyronin  technique 
of  Brachet  (Pearse,  1960,  p.  825). 


Results 

Results  obtained  for  body  weights, 
submaxillary  gland  weights  and  his- 
tometric  measurements  are  shown  in 
Table  1.  Cold  exposure  affected  the  gain 
in  body  weight.  Cold-exposed  animals 
gained  significantly  (P<.05)  less  than 
the  controls  while  the  hibernating 
animals  lost  a  significant  (P<.01) 
amount  of  weight. 

Cold  exposed  and  hibernating  animals 
exhibited  a  significant  (P<.001)  de¬ 
crease  in  the  weight  of  the  submaxillary 
glands.  This  decrease  was  more  pro¬ 
nounced  among  the  hibernating  animals. 
Examination  of  the  acinar  cells  of  the 
atrophied  glands  revealed  that  these 
cells  were  smaller  than  the  acinar  cells 
of  control  glands.  Confirmation  of  this 
visual  impression  of  reduced  acinar  cell 
size  was  made  by  use  of  liistometric 
measurements.  The  cell  population  den¬ 
sity  of  the  glands  was  determined  by 
counting  the  number  of  acinar  cell  nu¬ 
clei  with  the  aid  of  an  ocular  grid. 
Utilizing  sections  cut  from  the  glands  of 
each  of  the  ten  experimental  and  con¬ 


trol  hamsters,  ten  random  high  power 
fields  from  each  gland  were  selected  and 
counted.  For  the  cold-exposed  hamsters 
there  was  a  significant  (P<.01)  increase 
of  approximately  29  per  cent  in  the  num¬ 
ber  of  acinar  nuclei  per  high  power 
field.  Hibernating  animals  showed  a  sig¬ 
nificant  (P<.001)  increase  of  approxi¬ 
mately  43  per  cent.  The  increase  in  num¬ 
ber  of  nuclei  indicated  that  there  were 
more  cells  to  count  in  a  high  power  field 
because  each  of  the  cells  had  reduced  in 
size. 

The  diameter  of  the  granular  tubules 
of  the  submaxillary  glands  was  measured 
under  high  power  with  an  ocular  micro¬ 
meter.  Twenty  random  tubular  diamet¬ 
ers  were  chosen  from  a  number  of  sec¬ 
tions  from  the  glands  of  each  of  the  ten 
experimental  and  control  animals.  The 
results  in  Table  1  indicate  that  there 
was  no  significant  alteration  in  the  di¬ 
ameter  of  the  granular  tubules  of  the 
cold-exposed  animals.  There  was,  how¬ 
ever,  a  significant  (P<.001)  reduction 
among  the  hibernating  animals.  The 
lumina  of  granular  tubules  among  hiber- 
nators  appeared  narrow  and  the  nuclei 
of  tubule  cells  were  observed  to  be 
crowded  (Fig.  1,  A  and  B). 

Pyronin  staining  material  that  was 
digested  by  ribonuclease  was  interpret¬ 
ed  as  ribonucleic  acid  (RNA).  In  the 
control  glands  RNA  appeared  to  be  con¬ 
centrated  in  the  basilar  and  perinuclear 
regions  of  the  acinar  cells  (Fig.  1,  C). 
RNA  was  dispersed  as  fine  granules  in 
the  remaining  cytoplasm.  In  the  acinar 
cells  of  cold-exposed  animals,  the  peri¬ 
nuclear  and  basilar  regions  contained 
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Figure  1.  Sections  of  submaxillary  glands  of  male  hamsters.  X400.  (A)  control, 
granular  tubule,  H&E  (B)  hibernating,  granular  tubule,  H&E  (C)  control,  RNA  in 
basilar  regions  of  the  acinar  cells,  methyl  green-pyronin  (D)  hibernating,  small 
amount  of  RNA  in  the  acinar  cells,  methyl  green-pyronin. 
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material  which  stained  as  intensely  as 
the  controls.  Hibernation  resulted  in  a 
marked  decrease  in  the  RNA  content  of 
the  acinar  cells  (Fig.  1,  D). 

In  the  acini,  ducts  and  tubules  of  the 
submaxillary  glands  of  control  animals 
there  was  a  relatively  high  concentra¬ 
tion  of  PAS-positive  granules.  Many 
acinar  cells  were  more  intensely  positive 
than  others.  A  similar  staining  pattern 
was  observed  in  the  glands  of  cold-ex¬ 
posed  and  hibernating  animals.  Malt 
diastase  had  no  effect  upon  the  PAS  re¬ 
action  in  any  of  the  groups. 

Discussion 

The  morphologic  and  histometric 
data  indicate  that  the  decrease  in 
weight  of  the  submaxillary  glands 
that  follows  during  cold  exposure 
and  hibernation  is  due  to  a  decrease 
in  acinar  cell  size.  The  reduction  in 
size  in  the  granular  tubules  of  glands 
of  hibernating  animals  may  account 
for  part  of  this  reduction  in  gland¬ 
ular  weight. 

In  his  description  of  the  histolog¬ 
ical  changes  that  occur  in  the  sub- 
maxillary  gland  of  the  hibernating 
arctic  ground  squirrel,  Mayer  (1960) 
noted  a  decrease  in  the  size  and  a 
disorganized  appearance  of  acinar 
cells.  The  present  data  for  hiber¬ 
nating  hamsters  indicate  a  similar 
response  for  acinar  cell  size.  The 
disorganized  appearance  of  acini 
among  the  experimentals  in  this 
study  was  not  apparent  and  may  be 
due  to  the  fact  that  the  animals  were 
hibernating  for  a  very  brief  period. 

The  decrease  in  RNA  content  of 
the  atrophic  cells  of  hibernating  an¬ 


imals  is  indicative  of  a  decreased 
protein  synthesis. 

The  present  data  with  PAS  stain 
indicates  that  the  apparent  concen¬ 
tration  of  PAS-positive  substances 
in  the  atrophied  glands  was  not  sig¬ 
nificantly  different  from  controls.  It 
appears  likely  that  the  change  in 
weight  of  the  glands  resulting  from 
cold  exposure  and  hibernation  is 
not  due  to  excessive  loss  of  PAS- 
positive  substances  such  as  mucopro- 
teins  and  mucopolysaccharides.  The 
chemical  nature  of  the  PAS-positive 
material  has  not  been  determined, 
however,  the  malt  diastase  controls 
indicated  that  the  material  present 
was  not  glycogen. 
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A  FLORISTICS  STUDY  OF  LAKE  MURPHYSBORO 

STATE  PARK,  ILLINOIS 

ROBERT  H.  MOHLENBROCK,  ED. 

Southern  Illinois  University ,  Carbondale 


Abstract. — A  descriptive  account  of 
the  plant  habitats  at  Lake  Murphysboro 
State  Park  in  southwestern  Illinois  is 
presented.  This  is  followed  by  an  an¬ 
notated  checklist  of  the  vascular  plants 
found  in  the  park,  a  list  containing  731 
species. 


Lake  Murphysboro  State  Park  is 
located  approximately  in  the  center 
of  Jackson  County,  Illinois,  immedi¬ 
ately  north  of  Illinois  highway  149, 
one-and-one-half  miles  west  of  Mur¬ 
physboro  in  extreme  southwestern 


Murphysboro 


Figure  1. — Map  of  Lake  Murphysboro  State  Park.  Figures  l-4d  refer  to  study 
areas  described  in  text. 
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Illinois.  Tlie  park  is  situated  in  parts 
of  sections  25  and  36  in  T  8  S, 
R  3  W,  section  31  of  T  8  S,  R  2  AY, 
section  1  of  T  9  S,  R  3  W,  and  sec¬ 
tion  6  of  T  9  S,  R  2  AY.  The  park 
covers  904  acres,  including  174  sur¬ 
face  acres  of  water.  The  lake  has 
a  watershed  area  of  1700  acres  with 
a  shoreline  of  four  miles. 

There  are  two  lakes  within  the 
park.  The  large  Lake  Murphysboro 
was  built  in  1949  and  completed  in 
1950.  The  water  source  came  from 
damming  Indian  Creek,  a  source 
which  can  be  traced  to  the  foothills 
of  the  Shawnee  Forest,  thus  supply¬ 
ing  the  large  amount  of  watershed. 
A  smaller,  eight-acre  lake  was  built 
for  erosion  control  in  1958.  It  is 
located  200  yards  north  of  the  large 
lake,  and  is  at  an  elevation  100  feet 
above  the  large  lake. 

The  park  area  was  mostly  wooded 
area  and  open  fields  before  the  state 
purchased  the  land  to  develop  into 
a  state  park.  Some  of  the  lower  land, 
mostly  covered  by  the  lake,  was  till¬ 
able  farm  land.  However,  a  large 
portion  of  the  wooded  areas  found 
in  Lake  Murphysboro  State  Park  at 
the  present  time  is  preclimax  forest. 
Some  reforestation  has  been  done  by 
the  state,  although  the  majority  of 
the  area  remains  virtually  undis¬ 
turbed. 

Lake  Murphysboro  State  Park  is 

in  the  physiographic  division  of  the 

Mt.  Vernon  Hill  Country  which  is 

located  on  the  southern  edge  of  the 

. 1  .  .  . 

Illinoian  glacial  drift  which  came 

across  Illinois  about  100,000  years 

ago.  The  terminal  moraine  from  the 

glacier  and  the  wind-blown  loess 

from  the  Mississippi  River  valley 

compose  the  parent  material  of  the 

present  soil  types.  Underlining  this 


gravelly  mass,  fine  sand,  and  silt 

loam  is  the  bedrock  stratum  of  Penn- 

svlvanian  sandstone. 

*/ 

The  classification  of  the  soils  in 
the  park  is  of  five  types.  The  Eroded 
silt  loam  in  the  Ava  area  covers 
75%,  while  the  Drury  fine  sandy 
loam  has  an  area  of  15%.  The  Ava 
silt  loam,  youthful  phase,  the  Ava 
silt  loam  immature  phase,  and  the 
Bluford  silt  loam,  immature  phase, 
divide  the  remaining  10%  (Norton. 
1933).  These  soil  types  are  useful 
indicators  as  to  the  types  of  vegeta¬ 
tion  present  in  Lake  Murphysboro 
State  Park. 

Svstematic  collections  of  vascular 
plants  at  the  park  have  been  made 
throughout  each  year  since  1954. 
During  the  summer  of  1963,  a  grad¬ 
uate  class  in  Botany  from  Southern 
Illinois  University  made  extensive 
studies  at  the  park.  Data  from  all 
these  efforts  form  the  basis  for  this 
paper.  Students  contributing  to  this 
paper  are  AYilliam  Allen,  Larry  Con- 
tri,  James  Ellis,  Paul  Pore,  Eldred 
Mueller,  David  Nielsen,  Dale  (Udell, 
Donald  Stookey,  and  Kay  AValker. 
Voucher  specimens  of  each  species 
are  in  the  herbarium  of  Southern 
Illinois  University. 

For  quantitative  data  in  the  for¬ 
ested  areas,  the  random  pair  method 
was  employed.  For  convenience  of 
study  and  discussion,  the  park  was 
divided  into  five  basic  habitat  types 
— ridge  top  woods,  mid-slope  woods, 
lowland  woods,  lakes  and  shoreline, 
and  fields  and  waste  areas.  A  de¬ 
scriptive  account  of  these  habitats  is 
included,  followed  by  an  annotated 
list  of  vascular  plants  from  the  park. 

Ridge  Top  AYoods 

Many  of  the  ridge  tops  in  the  park 
are  unsuitable  for  botanical  study  be- 
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cause  of  the  disturbance  caused  by 
numerous  roadways  and  picnic  areas 
on  the  ridge  tops.  Five  undisturbed 
areas  were  used  in  this  study.  These 
occurred  within  a  belt  extending  for  a 
distance  of  three-and-one-half  miles, 
starting  at  the  southern  entrance  to  the 
park  and  continuing  along  the  western 
and  northern  boundaries  of  the  lake 
(Areas  la,  lb,  lc,  Id,  and  le  on  map). 
The  ridge  tops  studied  are  approximate¬ 
ly  400  feet  above  mean  sea  level  and 
range  in  width  from  20-75  feet  across. 

A  generally  dense  canopy  provided  by 
the  larger  trees  allows  few  areas  to  be 
exposed  to  full  sunlight.  The  forest  floor 
is  characterized  by  a  deep  layer  of  leaf 
litter  ranging  from  2-5  inches  in  depth. 
Low-growing  species  such  as  Virginia 
creeper  ( Parthenocissus  quinquefolia) , 
poison  ivy  ( Rhus  radicans) ,  sorrel  ( Ox - 
alis  stricta) ,  and  milk  pea  ( Galactia 
volubilis )  produce  a  moderate  cover 
over  the  forest  floor  under  these  condi¬ 
tions.  An  undergrowth  of  many  shrubby 
trees  such  as  flowering  dogwood  ( Cor - 
nus  floricla) ,  sassafras  ( Sassafras  albi- 
clum) ,  winged  elm  ( XJlmus  alata) ,  and 
redbud  ( Cercis  canadensis )  can  be  found 
growing  beneath  stands  of  shagbark 
hickory  ( Carya  ovata) ,  mockernut  hick¬ 
ory  {Gary a  tomentosa) ,  black  oak  {Quer- 
cus  velutina) ,  and  post  oak  (Q.  stellata) . 
Except  for  a  few  specimens,  most  of  the 
trees  on  these  ridge  tops  are  relatively 
small,  the  average  dbh  of  the  trees  being 
6.5  inches. 

Mid -slope  Woods 

Surrounding  Lake  Murpliysboro  is  a 
series  of  slopes  which  runs  from  a  gentle 
to  a  moderately  steep  incline  and  is 
broken  by  roads,  gullies,  and  moist  ra¬ 
vines.  Four  areas  were  selected  for 
study  (2a,  2b,  2c,  2d  on  map). 

Area  2a.  Beginning  at  the  west  end 
of  the  dam  and  running  west  parallel  to 
the  dam  road  is  a  typical  slope  within 
the  park.  At  the  end  of  the  dam  the 
slope  is  from  100-125  yards  wide.  The 
slope  diminishes  in  width  westward 
until  it  is  only  25  yards  wide  at  its  most 
western  part.  The  area  is  characterized 
by  a  loose,  light  soil  near  the  top  of  the 
slope,  which  progressively  becomes  dark¬ 
er  and  more  compact  as  the  slope  pro¬ 
ceeds  downward  toward  the  moist  ra¬ 
vine.  The  soil  is  covered  by  a  thick  layer 
of  leaf  litter.  The  dominant  trees  of 
this  slope  are  white  oak  ( Quercus  alba), 
black  oak,  and  mockernut  hickory.  Sub¬ 


dominant  trees  are  the  flowering  dog¬ 
wood,  post  oak,  and  winged  elm.  The 
most  conspicuous  herbaceous  plants  are 
poison  ivy  and  Virginia  creeper.  Sedges 
{Car ex  spp.),  bloodroot  {Sanguinaria 
canadensis),  and  false  solomon’s-seal 
{Smilacina  racemosa)  are  also  com¬ 
mon. 

Area  2b.  This  area  is  situated  west  of 
the  lake  and  northwest  of  area  2a.  The 
slope  runs  north  and  south  with  the 
road  and  a  deep  gully  forming  the  bound¬ 
aries.  It  is  250  yards  long  with  an  aver¬ 
age  width  of  150  yards.  The  slope  has 
several  shallow,  moist  basin  areas  which 
are  about  20  feet  in  diameter.  The  soil 
is  a  sandy  loam  which  is  relatively  loose 
with  a  moderate  covering  of  leaf  litter. 
Two  small  sandstone  outcroppings  are 
also  located  on  this  slope.  Dominant 
trees  of  this  slope  are  white  and  black 
oak.  Subdominant  trees  are  flowering 
dogwood,  red  oak  {Quercus  rubra),  and 
pignut  hickory  {Carya  glabra).  Poison 
ivy  and  Virginia  creeper  were  the  most 
prevalent  herbaceous  plants.  Other  com¬ 
mon  plants  were  bloodroot  and  cat-brier 
{Smilax  glauca) . 

Area  2c.  This  area  is  located  east 
of  the  lake  and  north  of  the  blacktop 
entrance  road.  This  slope  runs  north  and 
south  and,  for  the  most  part,  has  a  very 
steep  incline  (45°).  The  slope  is  inter¬ 
spersed  with  gullies,  ,  ravines,  basin 
areas,  and  several  small  sandstone  out¬ 
croppings.  A  temporary  stream  bed  is 
found  at  the  base  of  the  slope.  The  slope 
is  350  yards  long  and  varies  from  100- 
175  yards  wide.  The  soil  is  a  clay-loam 
mixture  and  very  compact.  The  dense 
leaf  litter  which  characterized  the  other 
slopes  was  absent;  however,  in  the  shal¬ 
low  basins  and  gullies,  accumulations 
were  noted.  Dominant  trees  of  this  area 
were  white  oak,  sugar  maple  {Acer  sac- 
charum) ,  and  black  gum  {Nyssa  sylva- 
tica).  Subdominants  are  redbud,  pignut 
hickory,  and  flowering  dogwood.  Poison 
ivy  and  Christmas  fern  {Polystichum 
acrostichoides)  were  the  most  conspicu¬ 
ous  herbaceous  plants.  Other  common 
plants  included  Virginia  creeper,  cleft 
violet  {Viola  falcata),  and  Panicum 
micro  carpon. 

Area  2d.  This  area  is  located  200  yards 
northeast  of  area  2b.  The  general  topog¬ 
raphy  and  vegetation  of  this  slope  are 
similar  to  area  2b.  It  is  120  yards  long 
and  varies  from  75-150  yards  wide.  The 
soil  is  a  sandy  loam  which  is  relatively 
loose  with  a  moderate  covering  of  leaf 
litter.  Dominant  trees  are  white  oak  and 
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flowering  dogwood.  Subdominant  trees 
are  flowering  dogwoods  and  redbuds. 
Poison  ivy  and  Virginia  creeper  are  the 
most  prevalent  herbaceous  plants,  while 
daisy  fleabane  ( Erigeron  annuus )  and 
black-eyed  susans  ( Rudbeckia  hirta)  are 
common. 


The  Lowland  Woods 

Considerable  lowland  areas  exist  in 
the  park.  These  are  located  primarily 
around  the  lake  and  along  Indian  Creek 
and  tributaries  to  this  creek.  The  low¬ 
lands  are  characterized  by  a  dense  un¬ 
dergrowth  of  herbaceous  plants  and 
shrubs.  Trees  in  these  areas  usually  de¬ 
velop  rapidly,  some  of  them  reaching  a 
height  of  75-100  feet  and  a  dbh  of  20 
inches.  The  soil  is  usually  low  in  organic 
matter,  probably  because  of  the  frequent 
flooding  and  washing  these  areas  receive 
during  rains.  The  soil  in  certain  areas 
remains  soaked  and  spongy  throughout 
the  year. 

In  the  lowland  areas  where  the  soil 
is  less  moist  are  communities  of  white 
oak,  shagbark  hickory,  red  maple  ( Acer 
rubrum) ,  and  American  elm  ( Ulmus 
americana).  As  the  soil  moisture  in¬ 
creases,  these  trees  are  replaced  by 
black  willow  ( Salix  nigra),  cottonwood 
( Populus  deltoides),  and  sweet  gum 
( Liquidambar  styraciflua) .  The  most 
conspicuous  herbaceous  plants  in  this 
type  of  community  are  Brachyelytrum 
erectum,  Ammannia  coccinea,  clearweed 
( Pilea  pumila),  poison  ivy,  and  Virginia 
creeper.  Other  common  species  are  Pan- 
icum  anceps,  Eleocho.ris  obtusa,  and  Car- 
ex  frankii. 

Pour  lowland  areas  were  selected  for 
study  (3a,  3b,  3c,  3d  on  map). 

Open  Areas  and  AVaste  Ground 

Several  abandoned  fields  occur  in  the 
park.  Most  of  these  were  previously  un¬ 
der  cultivation.  None  of  the  fields  is 
adjacent  to  the  edge  of  the  lake.  All  are 
bordered  on  at  least  two  sides  by  woods. 
The  slope  of  the  fields  ranges  from 
0-15  per  cent.  Yellow  pine  ( Pinus  echi- 
nata )  has  been  planted  in  certain  por¬ 
tions  of  these  areas. 

Ecological  measurements  were  limited 
to  an  undisturbed  area  on  the  northeast 
side  of  the  lake,  although  plants  were 
collected  in  all  open  areas  where  nat¬ 
ural  vegitation  occurred.  Twenty-five 
one-meter  square  quadrats  were  taken 


by  the  meter  quadrat  method.  The  qua¬ 
drats  were  placed  sixty  feet  apart. 

Area  4a  consists  of  two  fields  which 
lie  on  either  side  of  the  circle  road. 
Data  from  this  area  indicate  that  the 
most  conspicuous  species,  ragweed  (Am¬ 
brosia  artemisiifoUa),  has  a  frequency 
of  88%.  Other  common  species  include 
trumpet  creeper  ( Campsis  radicans), 
partridge  pea  ( Cassia  fasciculata) ,  bush 
clover  ( Lespedeza  stipulacea) ,  and  Pan- 
icum  gattingeri. 

Area  4b  is  bordered  on  the  north,  east, 
and  west  by  woods  and  on  the  south  by 
a  roadway.  Data  in  this  area  showed 
goldenrod  ( Solidago  canadensis)  and 
blackberry  ( Rubus  ailegheniensis)  to 
have  100%  frequency.  Other  common 
species  were  Ambrosia  artemisiifoUa, 
broomsedge  (Andropogon  virginicus) , 
partridge  pea,  and  wild  rye  (Ely mils 
virginicus) . 

The  area  designated  4c  consists  of  a 
large  field  cut  into  two  portions  by  a 
roadway.  The  field  is  encircled  by  woods, 
with  numerous  yellow  pine  planted 
throughout  the  field.  Dewberry  (Rubus 
flagellaris)  was  the  most  common  spe¬ 
cies,  followed  by  aster  (Aster  pilosus), 
plantain  (Plantago  lanceolata) ,  and  Can¬ 
ada  blue  grass  (Poa  compressa) . 

Area  4d  consists  of  a  large  field  bor¬ 
dered  on  the  north,  east,  and  west  by  a 
woods  and  on  the  south  by  a  roadway. 
Bush  clover  (Lespedeza  stipulacea)  is 
most  prominent  in  this  community, 
along  with  ragweed,  poison  ivy,  and 
goldenrod  (Solidago  canadensis). 

Aquatic  and  Shoreline 
Communities 

The  aquatic  phase  of  this  floristics 
study  included  the  vascular  plants  of 
two  eutrophic  lakes  and  their  supralit- 
toral  shorelines.  Supalittoral  is  de¬ 
fined  as  the  zone  within  one  meter  of 
the  water. 

Lake  Murpliysboro  is  the  larger  of  the 
two  lakes,  having  a  surface  area  of  166 
acres.  The  four-mile  irregular  shoreline 
supports  a  densely  wooded  upland  (75%) 
which  drops  off  into  the  water,  gently 
sloping  lowland  woods  (10%),  and 
marshy  climax  conditions  at  the  terminal 
necks  of  the  more  shallow  coves  (15%). 
In  addition,  the  woodland  community  of 
the  shoreline  is  inundated  for  short 
periods  each  year.  These  habitats  pro¬ 
mote  the  growth  of  a  varied  number  of 
herbs,  shrubs,  and  trees  adjacent  to  the 
water. 
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During  the  summer,  the  physical  and 
chemical  features  of  the  aquatic  environ¬ 
ment  of  Lake  Murphysboro  are  sum¬ 
marized  as  follows:  166  surface  acres, 
typical  depth  15  (1-40)  feet,  drainage 
basin  1700  acres,  average  light  penetra¬ 
tion  10  (1-15)  feet  (Secchi  disc),  hydro¬ 
gen  ion  activity  pH  7.6  (6. 0-9.4),  (Hel- 
lige),  calcium  carbonate  hardness  86 
(70-120),  (methyl  orange  alkalinity), 
and  surface  temperature  29°  (22-35)  C. 
Luxurious  stands  of  hydrophytic  plants 
are  maintained  under  such  favorable 
conditions  (Penfound,  1956). 

Built  for  erosion  control,  the  smaller 
eight-acre  lake  is  situated  200  yards 
north  of,  and  at  an  elevation  of  100  feet 
above,  Lake  Murphysboro.  This  alkaline 
lake,  with  an  average  depth  of  10  feet, 
has  a  shoreline  of  steep  upland  slopes 
(90%)  and  marshy  coves  (10%).  Al¬ 
though  more  sparse  in  number,  the  spe¬ 
cies  of  plants  at  this  location  are  es¬ 
sentially  the  same  as  those  of  the  larger 
lake  area;  no  attempt  is  made  to  sep¬ 
arate  the  two  lakes  in  the  annotated 
checklist. 

The  aquatic  and  shoreline  plants  of 
Lake  Murphysboro  may  be  separated  in¬ 
to  the  following  types:  floating  aquatics, 
submerged  hydrophytes,  emergent 
plants,  and  moist  and  dry  shoreline  in¬ 
habitants.  Only  two  species  are  free- 
floating  on  the  surface  —  Lemna  minor 
and  Spirodela  polyrhiza.  Submerged 
(sometimes  floating  on  the  surface), 
rooted  hydrophytes  ( Potamogeton  no- 
dosus,  P.  foliosus,  Chara  braunii,  C.  glo¬ 
bular  is,  Ceratophyllum  demersum,  and 
Naias  guadalupensis) ,  are  characteristic 
of  the  deeper  littoral  area.  Self-support¬ 
ing,  emergent  aquatics,  which  often 
grow  in  extensive  dense  stands  (Typha 
latifolia  and  Nelumbo  lutea) ,  delimit  the 
zone  of  shallow  water  ( Alisma  subcorda- 
tum,  Sagittaria  latifolia,  and  Scirpus 
atrovirens).  Numerous  lowland  herbs 
( Phyla  lanceolata,  Lysimachia  nummu- 
laria,  Cyperus  strigosus,  Carex  spp., 
Leersia  virginica,  Impatiens  biflora,  and 
Eleocharis  obtusa) ,  shrubs  ( Gephalan - 
thus  occidentalis  and  Ilex  decidua),  and 
trees  ( Liquidambar  styracflua,  Betula 
nigra,  and  Salix  nigra)  typify  the  moist 
shoreline.  Representative  upland  species 
( Hypericum  punctatum,  Lespedeza  sti- 
pulacea,  Gornus  drummondii,  Vitis  aes¬ 
tivalis,  and  Quercus  velutina) ,  due  pri¬ 
marily  to  the  abrupt  wooded  slopes, 
grow  in  drier  soil  next  to  the  water. 


Annotated  Checklist  of 
Vascular  Plants  Collected 
in  Lake  Murphysboro 
State  Park 

Seven  hundred  and  thirty-one  species 
of  vascular  plants  have  been  recorded 
from  Lake  Murphysboro  State  Park. 
This  compares  favorably  with  the  total 
number  of  vascular  plants  known  from 
other  southern  Illinois  areas,  notably  the 
Pine  Hills,  with  1005  species  (Mohlen- 
brock  and  Voigt,  1965),  Giant  City  State 
Park,  with  820  species  (Mohlenbrock, 
1954),  Feme  Clyffe  State  Park,  with  701 
species  (Mohlenbrock,  et  al.,  1966),  and 
Devil’s  Kitchen  Lake,  with  573  species 
(Mohlenbrock,  et  al.,  1962).  All  of  the 
latter  areas  are  with  extensive  rocky 
outcroppings;  Lake  Murphysboro  has 
none. 

Several  unusual  species  have  been 
found  within  the  park.  The  nine  species 
of  orchids  have  been  the  subject  of  a 
separate  paper  (Mohlenbrock,  1960). 
Three  species  are  known  in  Illinois  only 
from  the  park  ( Lilium  superbum,  8mi- 
lax  herbacea,  and  Carex  striatula) .  Nai¬ 
as  minor,  Trillium  recurvatum  f.  shayii, 
and  Scutellaria  nervosa  f.  alba  were 
first  collected  in  Illinois  from  Lake 
Murphysboro  State  Park. 

Nomenclature  essentially  follows  Fern- 
aid  (1950)  in  Gray’s  Manual  of  Botany. 
The  numbers  following  the  binomials 
indicate  the  habitat  types  where  each 
species  was  collected.  (l=ridge  top 
woods,  2=mid-slope  woods,  3— lowland 
woods,  4=open  areas  and  waste  ground, 
5r=aquatic  and  shoreline). 

Annotated  List  of  Species 

Equisetaceae  Michx 

Equisetum  arvense  L.  5. 

Equisetum  hyemale  L.  5. 

Ophioglossaceae  Presl 
Botrychium  obliquum  Muhl.  2. 
Botrychium  virginianum  (L.)  Sw.  2,  3. 
Ophioglossum  vulgatum  L.  3. 

Polypodiaceae  R.  Br. 

Adiantum  pedatum  L.  2,  3. 

Asplenium  platyneuron  (L.)  Oakes.  1,  2. 
Athyrium  angustum  (Willd.)  Presl.  2,  3. 
Athyrium  thelypterioides  (Michx.)  Desv. 
3. 

Camptosorus  rhizophyllus  (L.)  3. 
Cystopteris  fragilis  (L.)  Bernh.  1,  2,  3. 
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Dryopteris  hexagonopterci  (Michx.)  C. 
Chr.  3. 

Onoclea  sensibilis  L.  3. 

Polystichum  acrostichoides  (Michx.) 
Schott.  1,  2,  3. 

Woodsia  obtusa  (Spreng.)  Torr.  1,  2. 

Cupressaceae  Horan. 

Juniperus  virginiana  L.  1,  2,  3,  4. 

Typhaceae  J.  St.  Hil. 

Typha  latifolia  L.  5. 

Naiadaceae  Lindley 

Naias  flexilis  (Willd.)  Rostk.  &  Schmidt. 
5. 

Naias  guadalupensis  (Spreng.)  Magnus. 
5. 

Naias  minor  All.  5. 

Potamogetonaceae  Engler 
Potamogeton  nodosus  Poir.  5. 
Potamogeton  foliosus  Raf.  5. 
Potamogeton  pectinatus  L.  5. 

Alismaceae  DC. 

Alisma  subcordatum  Raf.  5. 

Sagittaria  calycina  Engelm.  5. 
Sagittaria  graminea  Michx.  5. 

Sagittaria  latifolia  Willd.  5. 

Gramineae  Juss. 

Agrostis  alba  L.  4. 

Agrostis  hyemalis  (Walt.)  BSP.  4. 
Agrostis  perennans  (Walt.)  Tuckerm.  4. 
Alopecurus  carolinianus  Walt.  4. 
Andropogon  gerardii  Vitman.  4. 
Andropogon  scoparius  Michx.  4. 
Andropogon  virginicus  L.  4. 

Arundinaria  gigantea  (Walt.)  Muhl.  3. 
Brachy  elytrum  erectum  (Schreb.) 
Beauv.  2. 

Bromus  ciliatus  L.  2,  4. 

Bromus  commutatus  Schrad.  4. 

Bromus  inermis  Leyss.  4,  5. 

Bromus  japonicus  Thunb.  4. 

Bromus  purgans  L.  1,  2,  3. 

Bromus  secalinus  L.  4. 

Bromus  tectorum  L.  4. 

Genchrus  paucifloius  Benth.  4. 

Ginna  arundinacea  L.  1. 

Gynodon  dactylon  (L.)  Pers.  4. 

Dactylis  glomerata  L.  4. 

Danthonia  spicata  (L.)  Beauv.  1,  2. 
Digitaria  sanguinalis  (L.)  Scop.  4. 
Echinochloa  crusgalli  (L.)  Beauv.  4,  5. 
Echinochloa  pungens  (Poir.)  Rydb.  5. 
Eleusine  indica  (L.)  Gaertn.  4. 

Elymus  canadensis  L.  1,  2,  4. 

Elymus  villosus  Mulil.  2. 

Elymus  virginicus  L.  1,  2,  4. 

Eragrostis  cilianensis  (All.)  Link.  4. 
Eragrostis  frankii  C.  A.  Mey.  5. 
Eragrostis  hypnoides  (Lam.)  BSP.  5. 


Eragrostis  pectinacea,  (Michx.)  Nees.  4. 
Eragrostis  poaeoides  Beauv.  4. 

Eragrostis  spectabilis  (Pursh)  Steud.  4. 
Erianthus  alopecuroides  (L.)  Ell.  4. 
Festuea  elatior  L.  4. 

Festuca  octoflora  Walt.  1,  2. 

Festuea  rubra  L.  4. 

Glyceria  striata  (Lam.)  Hitchc.  3,  5. 
Hordeum  jubatum  L.  4. 

Hystrix  patula  Moench.  1,  2,  4. 

Hordeum  pusillum  Nutt.  4. 

Leersia  oryzoides  (L.)  Sw.  5. 

Leersia  virginica  Willd.  2,  3. 

Lolium  multiflorum  Lam.  4. 

Lolium  perenne  L.  4. 

Muhlenbergia  frondosa  (Poir.)  Fern.  4. 
Muhlenbergia  racemosa  (Michx.)  BSP.  5. 
Muhlenbergia  sehreberi  J.  F.  Gmel.  4. 
Muhlenbergia  sobolifera  (Muhl.)  Trin.  2. 
Muhlenbergia  sylvatica  Torr.  3. 
Panicum  agrostoides  Spreng.  5. 

Panicum  anceps  Michx.  4,  5. 

Panicum  boscii  Poir.  2,  3. 

Panicum  capillare  L.  4. 

Panicum  clandestinum  L.  2. 

Panicum  depauperatum  Muhl.  2,  4. 
Panicum  dichotomiflorum  Michx.  4. 
Panicum  dichotomum  L.  1,  2,  3. 

Panicum  dichotomum  var.  barbulatum 
(Michx.)  Wood.  2. 

Panicum  huachucae  Ashe.  4. 

Panicum  latifolium  L.  3. 

Panicum  microcarpon  Muhl.  5. 

Panicum  polyanthes  Scliult.  5. 

Panicum  sphaerocarpon  Ell.  4. 

Panicum  tennesseense  Ashe.  5. 

Panicum  virgatum  L.  4. 

Panicum  xalapense  HBK  2. 

Paspalum  circular e  Nash.  4. 

Paspalum  pubescens  Muhl.  5. 

Paspalum  stramineum  Nash.  5. 

Phleum  pratense  L.  4. 

Poa  annua  L.  4. 

Poa  compressa  L.  2,  4. 

Poa  pratensis  L.  2,  4. 

Poa  sylvestris  A.  Gray.  3. 

Secale  cereale  L.  4. 

Setaria  faberi  Herrm.  4. 

Setaria  lutescens  (Weigel)  F.  T.  Hubb. 
4. 

Setaria  viridis  (L.)  Beauv.  4. 
Sorghastrum  nutans  (L.)  Nash.  4. 
Sorghum  halepense  (L.)  Pers.  4. 

Triodia  flava  (L.)  Smyth.  4. 

Uniola  latifolia  Michx.  1,  3,  5. 

Zea  mays  L.  4. 

Cyperaceae  J.  St.  Hil. 

Garex  albursina  Sheldon.  3. 

Garex  annectens  Bickn.  3. 

Garex  artitecta  Mack.  2. 

Garex  blanda  Dewey.  3. 

Garex  brevior  (Dewey)  Mack.  2. 
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Carex  bushii  Mack.  2. 

Carex  cepTialophora  Muhl.  1,  2,  4. 

Carex  convoluta  Mack.  3. 

Carex  flaccosperma  Dewey.  2. 

Carex  frankii  Kunth.  4. 

Carex  glaucodea  Tuckerm.  2,  3. 

Carex  gracilescens  Steud.  2. 

Carex  grayii  Carey.  3. 

Carex  grisea  Wahl.  3. 

Carex  hirsutella  Mack.  2. 

Carex  hirtifolia  Mack.  2. 

Carex  jamesii  Schw.  3. 

Carex  lurida  Wahl.  5. 

Carex  muhlenbergii  Schk.  2. 

Carex  normalis  Mack.  2. 

Carex  oligocarpa  Schk.  2. 

Carex  projecta  Mack.  5. 

Carex  retroflexa  Muhl.  2. 

Carex  rosea  Schk.  3. 

Carex  scoparia  Schk.  5. 

Carex  shortiana  Dewey.  5. 

Carex  sparganioides  Muhl.  3. 

Carex  squarrosa  L.  3. 

Carex  styloflexa  Buckl.  2. 

Carex  tribuloides  Wahl.  4. 

Carex  typhina  Michx.  5. 

Carex  vulpinoidea  Michx.  3,  5. 

Cyperus  acuminatus  Torr.  &  Hook.  5. 
Cyperus  densicaespitosus  Mattf  &  Ku- 
kenth.  5. 

Cyperus  erythrorhizos  Muhl.  5. 

Cyperus  esculentus  L.  4,  5. 

Cyperus  flavescens  L.  5. 

Cyperus  inflexus  Muhl.  5. 

Cyperus  ferruginescens  Boeck.  5. 
Cyperus  ovularis  (Michx.)  Torr.  3,  4,  5. 
Cyperus  strigosus  L.  4,  5. 

Eleocharis  acicularis  (L.)  Roem.  & 
Schultes.  5. 

Eleocharis  obtusa  (Willd.)  Schultes  5 
Eleocharis  tenuis  (Willd.)  Schultes.  5! 
Scirpus  americanus  Pers.  5. 

Scirpus  atrovirens  Willd.  5. 

Scirpus  cyperinus  (L.)  Kunth.  5. 

Scirpus  lineatus  Michx.  5. 

Araceae  Necker 

Arisaema  dracontium  (L.)  Schott.  3. 
Arisaema  triphyllum  (L.)  Schott.  3. 

Lemnaceae  Dumort. 

Lemna  minor  L.  5. 

Spirodela  polyrhiza  (L.)  Schleid.  5. 

Commelinaceae  Reichenb 
Commelina  communis  L.  3. 

Commelina  diffusa  Burm.  f.  4. 
Tradescantia  ohiensis  Raf.  2. 
Tradescantia  subaspera  Ker-Gawler  1 
2,  3. 

Tradescantia  Virginian  a  L.  2,  4. 

Juncaceae  (Vent.)  Dumort. 

J uncus  acuminatus  Michx.  5. 


Juncus  biflorus  Ell.  3. 

J uncus  brachy carpus  Engelm.  5. 

Juncus  canadensis  J.  Gay.  5. 

Juncus  effusus  L.  5. 

Juncus  tenuis  Willd.  1,  4. 

Luzula  bulbosa  (Wood.)  Rydh.  2. 

Jjuzula  echinata  (Small)  Hermann.  2. 
Luzula  multiflora  (Retz.)  Lejeune.  2. 

Liliaceae  Adans. 

Allium  canadense  L.  3,  4,  5. 

Allium  vineale  L.  4. 

Asparagus  officinalis  L.  4. 

Erythronium  albidum  Nutt.  3. 
Hemerocallis  fulva  L.  4. 

Lilium  michiganense  Farwell.  2. 

Lilium  superbum  L.  3. 

Ornithogalum  umbellatum  L.  4. 
Polygonatum  commutatum  (J.  H. 

Schultes)  A.  Dietr.  1,  2,  3. 

Smilacina  racemosa  (L.)  Desf.  1,  2,  3. 
Smilax  ecirrata  (Engelm.)  S.  Wats.  3. 
Smilax  glauca  Walt.  2,  3,  4. 

Smilax  he?'bacea  L.2. 

Smilax  hispida  Muhl.  2,  4. 

Smilax  lasioneura  Hook.  2. 

Smilax  pulverulenta  Michx.  2. 

Smilax  7'otundifolia  L.  1. 

Trillium  recurvatum  Beck.  3. 

Uvluai'ia  grandiflora  Sm.  3 
TJvularia  sessilifolia  L.  3. 

Dioscoreaceae  Lindley 
Dioscorea  quaternata  (Walt.)  J.  F. 
Gmel.  3,  4. 

Dioscorea  villosa  L.  2,  3. 

Amaryllidaceae  Lindley 
Agave  virginica  L.  2. 

Hymenocallis  occidentalis  (Le  Conte) 
Kunth.  3. 

Hypoxis  hirsuta  (L.)  Coville.  1. 

Iridaceae  Lindley 
Sisyrinchium  albidum  Raf.  4. 
Sisyrinchium  graminoides  Bickn.  4. 

Orcliidaceae  Lindley 
Aplectrum  hyemale  (Muhl.)  Torr.  3. 
Corallorhiza  odontorhiza  (Willd.)  Nutt. 
2. 

Corallorhiza  wisteriana  Conrad.  2. 
Cypripedium  parviflorum  Salisb.  2. 
Habenaria  peramoena  A.  Gray.  5. 
Liparis  lilifolia  (L.)  Rich.  2. 

Orchis  spectabilis  L.  3. 

Spiranthes  gracilis  (Bigel.)  Beck.  1,  2. 
Spiranthes  grayi  Ames.  1,  2. 

Saururaceae  Lindley 
Saururus  cernuus  L.  5. 

Salicaceae  Horan. 

Populus  deltoides  Marsh.  3,  5. 

Salix  caroliniana  Michx.  5. 

Salix  nigra  Marsh.  3,  5. 
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Juglandaceae  Horan. 

Carya  cordiformis  (Wangenh.)  K.  Kocli. 
1,  2.  3. 

Carya  glabra  (Mill.)  Sweet.  1,  2,  3,  4,  5. 
Carya  illinoensis  (Wangenh.)  K.  Koch. 
3. 

Carya  ovalis  (Wangenh.)  Sarg.  2. 
Carya  tomentosa  (Poir.)  Nutt.  2. 
Juglans  nigra  L.  1,  2,  3. 

Betulaceae  Agardh. 

Betula  nigra  L.  5. 

Carpinus  caroliniana  Walt.  3. 

Corylus  americana  Walt.  2,  4. 

Ostrya  virginiana  (Mill.)  K.  Koch.  1,  2, 
3. 

Fagaceae  A.  Br. 

Fagus  grandifolia  Ehrh.  2,  3. 

Quercus  alba  L.  1,  2,  3. 

Quercus  bicolor  Willd.  5. 

Quercus  falcata  Michx.  2. 

Quercus  imbricaria  Michx.  3,  5. 

Quercus  mac7%ocarpa  Michx.  3. 

Quercus  marilandica  Muenchli.  1,  2. 
Quercus  muhlenbergii  Engelm.  1,  2,  3. 
Quercus  palustris  Muenchh.  3,  5. 
Quercus  rubra  L.  1,  2,  3,  4. 

Quercus  stellata  Wangh.  1,  2. 

Quercus  velutina  Lam.  1,  2,  3. 

Ulmaceae  Mirbel 
Celtis  laevigata  Willd.  5. 

Celtis  occidentals  L.  2,  3. 

Ulmus  alata  Michx.  1,  2,  3,  4. 

TJlmus  americana  L.  1,  2,  3. 

XJlmus  rubra  Muhl.  1,  2,  3. 

Moraceae  Bindley 
Morus  rubra  L.  2,  4. 

Urticaceae  Reichenb. 
Boehneria  cylindrica  (L.)  Sw.  3,  5. 
Laportea  canadensis  (L.)  Gaudicli.  5. 
Parietaria  pennsylvanica  Muhl.  2. 

Pilea  pumila  (L.)  A.  Gray.  3,  5. 

Santalaceae  R.  Br. 

Comandra  umbellata  (L.)  Nutt.  2. 

Aristolochiaceae  Juss. 
Aristolochia  serpentaria  L.  2. 

Asarum  reflexum  Bickn.  3. 

Polygonaceae  Horan. 
Polygonum  aviculare  L.  4. 

Polygonum  convolvulus  L.  2. 

Polygonum  hydropiper  L.  5. 

Polygonum  hydropiperoides  Michx.  5. 
Polygonum  lapathifolium  L.  5. 
Polygonum  opelousanum  Riddell.  5. 
Polygonum  pennsylvanicum  L.  4. 
Polygonum  punctatum  Ell.  5. 
Polygonum  virginianum  L.  2,  3. 

Rumex  acetosella  L.  4. 


Rumex  crispus  L.  4. 

Rumex  verticillatus  L.  5. 

Chenopodiaceae  Dumort. 
Chenopodium  album  L.  2,  4. 
Chenopodium  ambrosioides  L.  4. 
Chenopodium  boscianum  Moq.  2. 

Amaranthaceae  J.  St.  Hil. 

Acnida  altissima  (Riddell)  Riddell.  5. 
Amaranthus  albus  L.  4. 

Amaranthus  graecizans  L.  4. 
Amaranthus  hybridus  L.  4. 

Amaranthus  retroflexus  L.  4. 
Amaranthus  spinosus  L.  4. 

Phytolaccaceae  Bindley 
Phytolacca  americana  L.  1,  2,  3,  4. 

Aizoaceae  A.  Br. 

Mollugo  verticillata  L.  4,  5. 

Portulacaceae  Reichenb. 
Claytonia  virginica  L.  1,  2,  3. 

Portulaca  oleracea  L.  4. 

Caryophyllaceae  Reichenb. 
Agrostemma  githago  L.  4. 

Arenaria  serpyllifolia  L.  4. 

Cerastium  brachypodum  (Engelm.)  B. 
D.  Robins.  4. 

Cerastium  nutans  Raf.  4. 

Cerastium  viscosum  L.  4. 

Cerastium  vulgatum  L.  4. 

Dianthus  armeria  L.  4. 

Dianthus  barbatus  L.  4. 

Sagina  decumbens  (Ell.)  Torr.  &  Gray.  4. 
Silene  antirrhina  L.  2,  4. 

Silene  stellata  (L.)  Ait.  2. 

Stellaria  media  (L.)  Vill.  4. 

Magnoliaceae  J.  St.  Hil. 
Liriodendron  tulipifera  L.  2,  3,  5. 

Annonaceae  R.  Br. 

Asimina  triloba  (L.)  Dunal.  2,  3. 

Ranunculaceae  Juss. 

Actaea  alba  (L.)  Mill.  3. 

Anemone  canadensis  L.  3. 

Anemone  virginiana  L.  2,  3. 

Clematis  virginiana  L.  5. 

Delphinium  tricorne  Michx.  3. 
Hydrastis  canadensis  L.  3. 

Isopyrum  biternatum  (Raf.)  Torr.  & 
Gray.  3. 

Myosurus  minimus  L.  3,  4. 

Ranunculus  abortivus  L.  3,  4. 
Ranunculus  fascicularis  Muhl.  2. 
Ranunculus  hispidus  Michx.  2. 
Ranunculus  micranthus  Nutt.  2. 
Ranunculus  recurvatus  Poir.  3. 
Ranunculus  septentrionalis  Poir.  3,  5. 
Thalictrum  dasycarpum  Fisch.  &  Lall.  5. 
Thalictrum  dioicum  L.  3,  5. 
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Thalictrum  hypoglaucum  Rydb.  5. 
Thalictnnn  revolution  DC.  4,  5. 

Nelumbonaceae  Lindley 
Nelumbo  lutea  (Willd.)  Pers.  5. 

Ceratophyllaceae  A.  Gray 
Geratophyllum  clemersum  L.  5. 

Berberidaceae  Torr.  &  Gray 
Gaulophyllum  thalictroides  (L.)  Michx. 
3. 

Podophyllum  peltatum  L.  1,  2,  3. 

Menispermaceae  DC. 
Menispermum  canadense  L.  2. 

Papaveraceae  B.  Juss. 
Sanguinaria  canadensis  L.  3. 

Cruci ferae  Juss. 

Arabidopsis  thaliana  (L.)  Heynii.  4. 
Arabis  laevigata  (Muhl.)  Poir.  2,  3. 
Arabis  virginica  (L.)  Poir.  4. 

Barbarea  vulgaris  R.  Br.  4. 

Capsella  bur sa-parst oris  (L.)  Medic.  4. 
Gardamine  arenicola  Britt.  3. 

Gardamine  bulbosa  (Schreb.)  BSP.  3. 
Gardamine  pennsylvanica  Muhl.  2,  3. 
Dentaria  laciniata  Muhl.  3. 

Draba  brachycarpa  Nutt.  4. 

Draba  verna  L.  4. 

Lepidium  virginicum  L.  4. 

Rorippa  islandica  (Oeder)  Borbas.  5. 
Rorippa  sessiliflora  (Nutt.)  Hitchc.  5. 
Thlaspi  arvense  L.  4. 

Crassulaceae  DC. 

Penthorum  sedoides  L.  5. 

Saxifragaceae  DC. 

Heuchera  hirsuticaulis  (Wheelock) 
Rydb.  2. 

Hydrangeaeeae  Dumort. 
Hydrangea  arborescens  L.  1,  2,  3. 

Hamamelidaceae  Lindley 
Liquiclambar  styraciflua  L .  3,  5. 

Platanaceae  Lindley 
Platanus  occiclentalis  L.  3,  4,  5. 

Rosaceae  B.  Juss. 

Agrimonia  pubescens  Wallr.  2. 
Agrimonia  rostellata  Wallr.  2. 
Amelanchier  arbor ea  (Michx. f.)  Fernald. 
1,  2. 

Aruncus  dioicus  (Walt.)  Fern.  3. 
Grataegus  crusgalli  L.  1,  2. 

Grataegus  macrosperma  Ashe.  1,  2. 
Grataegus  mollis  (Torr.  &  Gray)  Scheele. 
2. 

Fragaria  americana  (Porter)  Britton.  4. 
Fragaria  virginiana  Duch.  4. 


Geum  canadense  Jacq.  1,  2,  3. 

Geum  vernum  (Raf.)  Torr.  &  Gray.  2. 
Geum  virginianum  L.  2,  3. 

Gillenia  stipulata  (Muhl.)  Trel.  2. 
Malus  coronaria  (L.)  Mill.  2,  4. 

Malus  ioensis  (Wood)  Britt.  2. 

Malus  coronaria  (L.)  Mill.  2,  4 
Potentilla  recta  L.  4. 

Potentilla  simplex  Michx.  1,  2,  3,  4. 
Prunus  americana  Marsh.  2. 

Prunus  hortulana  Bailey.  2. 

Prunus  serotina  Ehrh.  1,  2,  3. 

Rosa  Carolina  L.  1,  2,  4. 

Rosa  multiflora  Thunb.  4. 

Rosa  setigera  Michx.  2. 

Rubus  allegheniensis  Porter.  2,  4. 
Rubus  flagellaris  Willd.  1,  2,  4. 

Rubus  occidental is  L.  2. 

Rubus  ostryifolius  Rydb  1,  2,  4. 

Rubus  pennsylvanicus  Poir.  2. 

Leguminosae  P.  F.  Gmel. 
Amphicarpa  comosa  (L.)  G.  Don.  2. 
Gassia  fasciculata  Michx.  4,  5. 

Gassia  marilandica  L.  2. 

Cassia  nictitans  L.  4. 

Cercis  canadensis  L.  1,  2,  3. 

Crotalaria  sagittalis  L.  2. 

Desmodium  glabellum  (Michx.)  DC.  2. 
Desmodium  glutinosum  (Muhl.)  Wood. 

3. 

Desmodium  illinoense  A.  Gray.  1,  2,  4. 
Desmodium  marilandicum  (L.)  DC.  1,  2. 
Desmodium  nudiflorum  (L.)  DC.  1,  2,  3. 
Desmodium  paniculatum  (L.)  DC.  2. 
Desmodium  pauciflorum  (Nutt.)  DC.  2. 
Galactia  volubilis  (L.)  Britton.  2. 
Gleditsia  triacanthos  L.  3,  5. 
Lespedeza  c  a  pit  at  a  Michx.  2. 

Lespedeza  bicolor  Turcz.  4. 

Lespedeza  cuneata  (Dum-Cours.)  G.  Don. 

4. 

Lespedeza  hirta  (L.)  Hornem.  1,  2. 
Lespedeza  procumbens  Michx.  2. 
Lespedeza  repens  (L.)  Bart.  1,  2. 
Lespedeza  stipulacea  Maxim.  4. 
Lespedeza  striata  (Thunb.)  Hook.  & 
Arnott.  4. 

Lespedeza  violacea  (L.)  Pers.  1,  2. 
Lespedeza  thunbergii  (DC.)  Nakai.  4. 
Lespedeza  virginica  (L.)  Britton.  2. 
Medicago  lupulina  L.  4. 

Medicago  sativa  L.  4. 

Melilotus  alba  Desr.  4. 

Melilotus  officinalis  (L.)  Lam.  4. 
Phaseolus  polystachyus  (L.).  BSP.  2. 
Psoralea  psoralioides  (Walt.)  Cory.  1,  2. 
Robinia  pseudoaacia  L.  2,  4. 
Btrophostyles  helvola  (L.)  Britt.  2,  4. 
Btropho styles  leiosperma  (Torr.  &  Gray) 
Piper.  4. 

Stylosanthes  biflora  (L.)  BSP.  1,  2. 
Trifolium  hybridum  L.  4. 
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Trifolium  pratense  L.  4. 

Trifolium  procumbens  L.  4. 

Trifolium  repens  L.  4. 

Vicia  craeca  L.  4. 

Vicia  sativa  L.  4. 

Ficia  villosa  Roth.  4. 

Geraniaceae  J.  St.  Hil. 
Geranium  carolinianum  L.  1,  2,  4. 
Geranium  maculatum  L.  3. 

Oxalidaceae  Lindley 
Oxalis  cymosa  Small.  4. 

Oxalis  stricta  L.  1,  2,  3,  4,  5. 

Oxalis  violacea  L.  1,  2. 

Linaceae  Dumort. 

Linum  striatum  Walt.  5. 

Balsaminaceae  Dumort. 
Impatiens  biflora  Walt.  3,  5. 

Polygalaceae  Reichenb. 

Polygala  sanguinea  L.  4. 

Euphorbiaceae  J.  St.  Hil. 
Acalypha  gracilens  A.  Gray.  2,  4. 
Acalypha  rhomboidea  Raf.  2,  4. 
Acalypha  virginica  L.  1,  2,  4. 
Chamaesyce  maculata  (L.)  Small.  4. 
Gliamaesyce  supina  (Raf.)  Moldenke.  5. 
Euphorbia  corollata  L.  1,  2,  4. 

Celastraceae  Lindley 
Gelastrus  scandens  L.  2. 

Anacardiaceae  Lindley 
Rhus  aromatica  Ait.  1,  2,  4. 

Rhus  copallina  L.  1,  2,  4. 

glabra  L.  1,  2,  4,  5. 

Rhus  radicans  L.  1,  2,  3,  4,  5. 

Staphyleaceae  (DC.)  Lindley 
Staphylea  trifolia  L.  2,  3. 

Aceraceae  J.  St.  Hil. 

Acer  negundo  L.  3,  5. 

Acer  rubrum  L.  1,  2,  3,  5. 

Acer  saccharinum  L.  3,  5. 

Acer  saccharum  Marsh.  1,  2,  3. 

Rhamnaceae  (R.  Br.)  Horan. 
Geanothus  americanus  L.  1,  2. 

Yitaceae  Lindley 
Ampelopsis  cordata  Michx.  2. 
Parthenocissus  quinquefolia  (L.)  Planch. 
1,  2,  3,  4. 

Vitis  aestivalis  Michx.  2,  5. 

Vitis  cinerea  Engelm.  1,  2. 

Vitis  vulpina  L.  2,  4. 

Tiliaceae  Juss. 

Tilia  america7ia  L.  3. 


Malvaceae  Necker 
Abutilon  theophrastii  Medic.  4. 

Hibiscus  lasiocarpus  Cav.  5. 

Sida  spinosa  L.  4. 

Hypericaceae  Lindley 
Ascyrum  multicaule  Michx.  1,  2. 
Hypericum  gentianoides  (L.).  1. 
Hypericum  mutilum  L.  5. 

Hypericum  perforatum  L.  4. 

Hypericum  prolificum  L.  1,  2. 
Hypericum  punctatum  Lam.  1,  2,  4. 
Hypericum  sphaerocarpum  Michx.  2. 

Cistaceae  Horan. 

Lechea  tenuifolia  Michx.  1. 

Violaceae  DC. 

Hybanthus  concolor  (Forst.)  Spreng.  2, 

3. 

Viola  et'iocarpa  Schw.  3. 

Viola  falcata  Greene.  2. 

Viola  missouriensis  Greene.  3. 

Viola  papilionacea  Pursh.  1,  2,  3. 

Viola  rafinesquii  Greene.  4. 

Viola  sagittata  Ait.  3. 

Viola  sororia  Willd.  3. 

Viola  striata  Ait.  3. 

Lauraceae  Lindley 
Lindera  benzoin  (L.)  Blume.  3. 
Sassafras  albidum  (Nutt.)  Nees.  1,  2,  3, 

4,  5. 

Lythraceae  Lindley 
Ammannia  coccinea  Rottb.  5. 

Lythrum  alatum  Pursh.  5. 

Rotala  ramosior  (L.)  Koehne.  5. 

Passifloraceae  Dumort. 
Passiflora  lutea  L.  1,  2. 

Cucurbitaceae  B.  Juss. 

Sicyos  angulatus  L.  3. 

Onagraceae  Dumort. 

Gircaea  latifolia  Hill.  3. 

Epilobium  coloratum  Muhl.  5. 

Jussiaea  diffusa  Forskal.  5. 

Ludivigia  alternifolia  L.  5. 

Ludwigia  palustris  (L.)  Ell.  5. 
Oenothera  biennis  L.  4,  5. 

Oenothera  laciniata  Hill.  4. 

Oenothera  strigosa  (Rydb.)  Mack.  & 
Bush.  4. 

Callitrichaceae  Lindley 
Gallitriche  terrestris  Raf.  3. 

Cornaceae  Link 

Gornus  drummondii  C.  A.  Mey.  3,  5. 
Gornus  florida  L.  1,  2,  3. 

Gornus  obliqua  Raf.  5. 

Gornus  racemosa  Lam.  4. 

Cornus  stolonifera  Michx.  5. 

Nyssa  sylvatica  Marsh.  2,  3,  5. 
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Araliaceae  Vent. 

Panax  quinquefolius  L.  3. 

Umbelliferae  Scop. 

Chaerophyllum  procumbens  (L.)  Crantz. 
4. 

Chaerophyllum  tainturieri  Hook.  4. 
Cicuta  maculata  L.  5. 

Conium  maculatum  L.  5. 

Cryptotaenia  canadensis  (L.)  DC.  3. 
Daucus  carota  L.  4,  5. 

Erigenia  bulbosa  (Michx.)  Nutt.  3. 
Osmorhiza  claytonii  (Michx.)  Clarke.  3. 
Osmorhiza  longistylis  (Torr.)  DC.  3. 
Sanicula  canadensis  L.  1,  2,  3. 

Sanicula  gregaria  Bickn.  1,  2. 

Thaspium  trifoliatum  (L.)  A.  Gray.  3. 

Ericaceae  DC. 

Monotropa  lanuginosa  Michx.  2. 
Monotropa  uniflora  L.  2. 

Ebenaceae  Vent. 

Diospyros  virginiana  L.  1,  2,  3,  4,  5. 

Primulaceae  Vent. 
Dodecatheon  meadia  L.  1,  2. 
Lysimachia  ciliata  L.  5. 

Lysimachia  lanceolata  Walt.  3,  5. 
Lysimachia  nummularia  L.  5. 

Samolus  parviflorus  Raf.  3. 

Oleaceae  Lindley 

Forestiera  acuminata  (Michx.)  Poir.  3. 
Fraxinus  americana  L.  1,  2,  3. 

Fraxinus  lanceolata  Borkh.  5. 

Loganiaceae  Dumort. 

Spigelia  marilandica  L.  3. 

Gentianaceae  Dumort. 

Fraser  a  caroliniensis  Walt.  2. 

Obolaria  virginica  L.  3. 

Sabatia  angularis  (L.)  Pursh.  5. 

Apocynaceae  Bindley 
Apocynum  androsaemifolium  L.  4. 
Apocynum  cannabinum  L.  4. 

Apocynum  pubescens  R.  Br.  4. 
Aptocynum  sibiricum  Jacq.  Hort.  4. 

Asclepiadaceae  Lindley 
Ampelamus  albidus  (Nutt.)  Britt.  4. 
Asclepias  exaltata  L.  3. 

Asclepias  incarnata  L.  5. 

Asclepias  purpurascens  L.  2. 

Asclepias  syriaca  L.  4,  5. 

Asclepias  tuberosa  L.  4. 

Asclepias  variegata  L.  2. 

Convolvulaceae  Vent. 
Convolvulus  americanus  (Sims)  Greene. 
4. 

Convolvulus  arvensis  L.  4. 

Cuscuta  gronovii  Willd.  4. 


Ipomoea  hederacea  Jacq.  4. 

Ipomoea  lacunosa  L.  4. 

Ipomoea  pandurata  (L.)  Meyer.  4. 
Ipomoea  purpurea  (L.)  Roth.  4. 

Polemoniaceae  Juss. 

Phlox  divaricata  L.  2,  3. 

Phlox  glaberrima  L.  1,  2. 

Phlox  paniculata  L.  2. 

Phlox  pilosa  L.  2,  3. 

Polemonium  reptans  L.  3. 

Hydrophyllaceae  Lindley 
Hydrophyllum  virginianum  L.  3. 

Boraginaceae  Lindley 
Cynoglossum  officinale  L.  4. 
Cynoglossum  virginianum  L.  2. 
Hackelia  virginiana  (L.)  I.  M.  Johnston. 
2,  3. 

Heliotropium  indicum  L.  4,  5. 
IAthospermum  arvense  L.  4. 
Lithospermum  canescens  (Michx.) 
Lehm.  2. 

Lithospermum  croceum  Fern.  2. 
Lithospermum  latifolium  Michx.  3. 
Mertensia  virginica  (L. )  Pers.  3. 
Myosotis  macrosperma  Engelm.  1,  2. 
Myosotis  verna  Nutt.  1,  2. 

Verbenaceae  Juss. 

Phryma  leptostachya  L.  2. 

Phyla  lanceolata  (Michx.)  Greene.  5. 
Verbena  bracteata  Lag.  &  Rodr.  4. 
Verbena  hastata  L.  4. 

Verbena  simplex  Lehm.  4. 

Verbena  stricta  Vent.  4. 

Verbena,  urticifolia  L.  2,  4. 

Labiatae  B.  Juss. 

Blephilia  ciliata  (L.)  1. 

Blephilia  hirsuta  (Pursh)  Bentli.  1,  2. 
Cunila  origanoides  (L.)  Britt.  1,  2. 
Hedeoma  hispida  Pursh.  2. 

Hedecoma  pulegioides  (L.)  Pers.  2. 
Lamium  amplexicaule  L.  4. 

Lamium  purpureum  L.  4. 

Lycopus  americanus  Muhl.  5. 

Monarda  bradburiana  Beck.  2. 

Monarda  fistulosa  L.  1,  2. 

Perilla  frutescens  (L.)  Britt.  5. 
Physostegia  virginiana  (L.)  Benth.  3,  5. 
Prunella  vulgaris  L.  3,  4,  5. 
Pycnanthemum  flexuosum  (Walt.)  BSP. 
1,  2. 

Pycnanthemum  pilosum  Nutt.  2. 
Pycnanthemum  pycnanthemoides 
(Leavenw.)  Fern.  2,  4. 

Scutellaria  incana  Biehler,  1,  2. 
Scutellaria  lateriflora  L.  5. 

Scutellaria  nervosa  Pursh.  2. 

Scutellaria  ovata  Hill.  1,  2. 

Stachys  arenicola  Britt.  5. 

Stachys  tenuifolia  Willd.  5. 

Teucrium  canadense  L.  5. 
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Solanaceae  Pers. 

Datura  stramonium  L.  4. 

Physalis  heterophylla  Nees.  4. 

Physalis  pruinosa  L.  4. 

Physalis  pubescens  L.  4. 

Physalis  subglabrata  Mack.  &  Bush.  4. 
Physalis  virginiana  Mill.  4. 

Solanum  carolinense  L.  1,  3,  4. 

Solanum  nigrum  L.  4. 

Scropliulariaceae  Lindley 
Aureolaria  flava  (L.)  Farwell.  2. 
Bacopa  rotundifolia  (Miclix.)  Wettst.  5. 
Dasistoma  macrophylla  (Nutt.)  Rat'.  2. 
Gerardia  purpurea  L.  5. 

Gferardia  tenuifolia  Vahl.  3,  5. 

GB'atiola  neglecta  Torr.  5. 

Leucospora  multi fida  (Michx.)  Nutt.  5. 
Lindernia  anagallidea  (Michx.)  Pennell. 
5. 

Lindernia  duhia  (L.)  Pennell.  5. 
Mimulus  alatus  Ait.  3,  5. 

Penstemon  calycosus  Small.  2. 
Penstemon  digitalis  Nutt.  2. 

Penstemon  pallidus  Small.  1,  2,  4. 
Bcrophularia  marilandica  L.  2.  3. 

V  erbascum  blattaria  L.  4. 

V  erbascum  thapsus  L.  4. 

Veronica  arvensis  L.  4. 

Veronica  peregrina  L.  4. 

V eronicastrum  virginicum  (L. )  Farwell. 
2 

Acanthaceae  J.  St.  Hil. 

Ruellia  humilis  Nutt.  1,  2. 

Ruellia  pedunculata  Torr.  2. 

Ruellia  strepens  L.  2. 

Bignoniaceae  Pers. 

Gampsis  radicans  (L.)  Seem.  1,  2.  3,  4. 

Plantaginaceae  Lindley 
Plantago  aristata  Michx.  4. 

Plantago  cordata  Lam.  5. 

Plantago  lanceolata  L.  4. 

Plantago  pusilla  Nutt.  4. 

Plantago  rugelii  Dec.  4. 

Plantago  virginica  L.  4. 

Rubiaceae  B.  Juss. 
Cephalanthus  occidentals  L.  3,  5. 
Diodia  teres  Walt.  4,  5. 

Galium  aparine  L.  4. 

Galium  circaezans  Michx.  2. 

Galium  concinnum  Torr.  &  Gray.  2. 
Galium  obtusum  Bigel.  3,  5. 

Galium  pilosum  Ait.  2. 

Houstonia  lanceolata  (Poir.)  Britton. 

1,  2. 

Houstonia  longifolia  Gaertn.  2. 
Houstonia  pusilla  Schoepf.  1,  2. 
Spermacoce  glabra  Michx.  5. 

Caprifoliaceae  Vent. 

Lonicera  japonica  Thunb.  1,  2,  3,  4. 


Sambucus  canadensis  L.  1,  2,  4. 
Bymphoricarpos  orbiculatus  Moench.  1, 
2,  3,  4. 

Triosteum  angustifolium ,  L.  2. 
Viburnum  prunifolium  L.  3. 

Viburnum,  rufidulum  Faf.  3. 

Campanulaceae  Juss. 
Campanula  americana  L.  1,  2,  3. 
Triodanis  perfoliata  (L.)  Nieuwl.  1,  2,  4. 

Lobeliaceae  Juss. 

Lobelia  cardinalis  L.  5. 

Lobelia  inflata  L.  4,  5. 

Lobelia  siphilitica  L.  5. 

Lobelia  spicata  Lam.  2. 

Valerianaceae  Batsch. 
Valerianella  radiata  (L.)  Dufr.  5. 

Compositae  P.  F.  Gmel. 

Achillea  lanulosa  Nutt.  4. 

Achillea  millefolium  L.  4. 

Ambrosia  artemisiifolia  L.  1.  2,  3.  4.  5. 
Ambrosia  bidentata  Michx.  4. 

Ambrosia  trifida  L.  4,  5. 

Antennaria  plantaginifolia  (L.)  Hook 

1,  2. 

Aster  anomalus  Engelm.  1,  2. 

Aster  drummondii  Lindl.  2. 

Aster  ericoides  L.  4. 

Aster  exiguus  (Fern.)  Rydb.  4. 

Aster  laevis  L.  5. 

A.ster  lateriflorus  (L.)  Britt.  5. 

Aster  novae-angliae  L.  1,  2. 

Aster  ontarionis  Wieg.  4,  5. 

Aster  patens  Ait.  2. 

Aster  pilosus  Willd.  4. 

Aster  praealtus  Poir.  4. 

Aster  sagittifolius  Wedem.  1.  2. 

Aster  shortii  Lindl.  2. 

Aster  simplex  Willd.  5. 

Aster  vimineus  Lam.  5. 

Bidens  aristosa  (Michx.)  Britt.  4,  5. 
Bidens  bipinnata  L.  4,  5. 

Bidens  comosa  (A.  Gray)  Wieg.  5. 
Bidens  connata  Muhl.  5. 

Bidens  coronata  (L.)  Britt.  5. 

Bidens  frondosa  L.  4,  5. 

Bidens  vulgata  Greene.  4. 

Boltonia  interior  (Fern.  &  Griscom)  G. 
N.  Jones.  5. 

Boltonia  recognita  (Fern.  &  Griscom)  G. 
N.  Jones.  5. 

Cacalia  atriplicifolia  L.  2. 

Gacalia  muhlenbergii  (Schultz-Bip.) 
Fern.  2. 

Chrysanthemum  leucanthemum  L.  1,  2.  4. 
Girsium  altissimum  (L.)  Spreng.  4. 
Girsium  discolor  (Muhl.)  Spreng.  3,  4. 
Girsium  vulgar e  (Savi)  Airy-Shaw.  4. 
Coreopsis  palmata  Nutt.  4. 

Coreopsis  pubescens  Ell.  2. 
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Coreopsis  tripteris  L.  2,  4. 

Echinacea  purpurea  (L.)  Moench.  2. 
Eclipta  alba  (L.)  Hassk.  5. 
Elephantopus  carolinianus  Willd.  1,  2. 
Erigeron  annuus  (L.)  Pers.  2,  4. 
Erigeron  canadensis  L.  4,  5. 

Erigeron  divaricatus  Michx.  4. 

Erigeron  philadelphicus  L.  2,  4. 
Erigeron  pulchellus  Michx.  1,  2. 
Erigeron  strigosus  Muhl.  1,  2,  3,  4,  5. 
Eupatorium  altissimum  L.  5. 
Eupatorium  coelestinum  L.  5. 
Eupatorium  perfoliatum  L.  5. 
Eupatorium  purpureum  L.  2. 
Eupatorium  rugosum  Houtt.  3,  5. 
Eupatorium  serotinum  Michx.  4,  5. 
Gnaphalium  purpureum  L.  2,  4. 
Helianthus  decapetalus  L.  2. 

Helianthus  divaricatus  L.  2. 

Helianthus  grossese?'ratus  Martens.  2. 
Helainthus  hirsutus  Raf.  2,  4. 
Helianthus  strumosus  L.  1,  2,  4. 
Helianthus  tomentosus  Michx.  4. 
Heliopsis  helianthoides  (L.)  Sweet.  2. 
Hieracium  gronovii  L.  1,  2. 

Krigia  biflora  (Walt.)  Blake.  1,  2. 
Krigia  dandelion  (L.)  Nutt.  2. 

Krigia  oppositifolia  Raf.  5. 

Lactuca  canadensis  L.  2,  4. 

Lactuca  floridana  (L.)  Gaertn.  2. 
Lactuca  scariola  L.  4. 

Liatris  aspera  Michx.  4. 

Liatris  scabra  (Greene)  K.  Schum.  4. 
Pyrrhopappus,  carolinianus  (Walt.)  DC. 
4. 

Rudbeckia  laciniata  L.  4. 

Rudbeckia  hirta  L.  1,  2,  4. 

Rudbeckia  subtomentosa  Pursli.  4. 
Senecio  glabellus  Poir.  3,  5. 

Silphium  integrifolium  Michx.  2,  4. 
Silphium  perfoliatum  L.  2,  4. 

Solidago  altissima  L.  4. 

Solidago  canadensis  L.  4. 

Solidago  caesia  L.  2,  3. 

Solidago  hirtella  (Greene)  Bush.  5. 
Solidago  juncea  Ait.  2,  4. 

Solidago  latifolia  L.  3. 


Solidago  media  (Greene)  Bush.  4,  5. 

Solidago  nemoralis  Ait.  2,  4. 

Solidago  rugosa  Mill.  5. 

Solidago  ulmifolia  Muhl.  1,  2. 

Taraxacum  officinale  Wiggers,  4. 

Verbesina  alternifolia  (L.)  Britt.  2,  5. 

Verbesina  helianthoides  Michx.  2. 

Vernonia  altissima  Nutt.  2,  4. 

Vernonia  fasciculata  Michx.  4,  5. 

Vernonia  missurica  Raf.  4. 

Xanthium  commune  Britt.  5. 
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THE  AQUATIC  HYDROPHILIDAE  OF  ILLINOIS 
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Southern  Illinois  University ,  Eclwardsville 


Abstract.  —  Keys  to  separate  the 
known  Illinois  species  of  aquatic  Hydro- 
philidae  are  presented.  Illinois  distri¬ 
butions  are  indicated  and  the  preferred 
habitats  are  given  when  they  are  known. 


Water  beetles  comprise  a  hetero¬ 
geneous  group  frequently  encoun¬ 
tered  by  nearly  everyone  whose  pro¬ 
fession  or  pastime  takes  him  to 
water.  They  make  up  an  important 
ecological  unit :  water  beetles  are 
found  in  nearly  every  conceivable 
aquatic  habitat.  Some  are  adapted 
for  life  on  the  surface,  others  for 
life  among  submerged  vegetation, 
and  still  others  may  be  found 
among  the  pebbles  and  grains  of 
sand  of  an  otherwise  apparently 
lifeless  stream  bottom.  Few  streams, 
lakes,  or  temporary  ponds,  unless 
severely  polluted,  are  entirely  free 
of  water  beetles.  Even  puddles  that 
persist  for  only  a  few  days  have  a 
characteristic  fauna. 

Unfortunately,  identification  of 
water  beetles  below  the  genus  level  is 
often  difficult  for  the  non-specialist. 
Consequently,  ecological  studies  of¬ 
ten  ignore  aquatic  beetles,  with  the 
result  that  much  information  is  lost 
to  both  the  ecologist  and  the  ento¬ 
mologist.  This  paper,  therefore,  will 
attempt  to  present  easily  used  keys 
which  will  identify  the  Illinois  spe¬ 
cies  of  the  Hydropliilidae.  The  tech¬ 


nical  terminology  will  be  held  to  a 
minimum,  although  this  is  difficult 
in  some  of  the  larger  genera.  Any 
standard  entomology  text  will  define 
most  of  the  terms  used. 

The  Hydropliilidae,  as  delimited 
here,  are  mostly  oval,  convex,  black 
or  brown  beetles,  ranging  in  length 
from  about  one  millimeter  to  more 
than  thirty  millimeters.  The  an¬ 
tennae  are  clubbed,  but  they  are 
usually  folded  under  the  head  and 
are  inconspicuous.  The  maxillary 
palpi  are  often  longer  than  the 
antennae  and  may  be  mistaken  for 
them.  In  the  aquatic  forms  consid¬ 
ered  here  the  hind  legs  are  variously 
modified  for  swimming.  The  syste- 
matics  used  in  the  following  keys 
will  correspond  to  that  used  in  the 
checklist  of  Illinois  Hydropliilidae 
(Wooldridge,  1965).  References  to 
original  descriptions  of  the  species 
are  given  since  these  are  often  diffi¬ 
cult  for  a  non-specialist  to  discover. 

The  Illinois  distribution  records 
given  should  not  be  construed  as 
complete.  In  many  cases  the  records 
indicate  only  that  the  author  has  had 
an  opportunity  to  visit  the  given 
area  with  some  frequency,  since  the 
species  found  in  an  area  change  not 
only  with  the  season,  but  also  with 
temperature  and  rainfall.  In  addi¬ 
tion,  several  species  are  included  in 
the  keys  that  have  not  yet  been 
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I llino  is  Hydrophilidae 
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found  iu  Illinois,  blit  which  have 
been  reported  from  neighboring 
states. 

Key  to  the  Subfamilies  of 
Hydrophilidae 

1.  First  segment  of  middle  and  hind 

tarsi  elongate,  longer  than  second; 
not  considered  aquatic  and  not  cov¬ 
ered  here . subfamily:  Spha- 

eridiinae 

1/  First  segment  of  middle  and  hind 
tarsi  shorter  than  second:  sometimes 
entirely  absent,  giving  four  -  seg¬ 
mented  tarsi  .  2 

2.  Basal  two  abdominal  sternites  with 
a  common  excavation  on  each  side 
that  is  covered  with  a  bilobed  cili¬ 
ated  plate  ..Subfamily  IV:  Chaetar- 
tliriinae 

2/  Basal  abdominal  sternites  normal  3 

3.  Middle  and  hind  tibia  with  fringes 

of  hair  ...  .  .  .  4 

3/  Middle  and  hind  tibia  without  fringes 

of  hair  . Subfamily  I :  Bero- 

sinae 

4.  Venter  with  a  slender  spine  project¬ 
ing  posteriorly  from  the  metasternum 
....  Subfamily  II :  Hydrophilinae 

4/  Venter  with  no  trace  of  a  metaster- 

nal  spine  . Subfamily  III : 

Hydrobiinae 

Subfamily  I  :  Berosinae 
Key  to  the  Illinois  Genera  of  Berosinae 

1.  Small  ( 1.5-2. Omni) ,  black,  very  con¬ 
vex  beetles;  hind  margin  of  5th  stern- 

ite  entire  . I  Derallus 

1/  Yellowish-brown  to  brown  beetles; 
usually  with  elytra!  and  pronotal 
spots;  hind  margin  of  5th  sternite 

often  notched:  2. 0-6. 0mm  .  II 

Berosus 

1.  DERALLUS 

This  genus  is  distinguished  by  its 
very  convex  and  laterally  compressed 
form.  The  elytra  have  distinct  striae  and 
the  color  is  shining  black. 

Derallus  altus  ( LeConte ) 

Berosus  altus  LeConte  1855:  300. 

This  is  the  only  Illinois  representa¬ 
tive  of  the  genus,  and  the  generic  char¬ 
acters  are  sufficient  for  its  diagnosis. 
It  is  usually  found  among  submerged 
grass  roots  and  marginal  vegetation  of 


ponds  or  slowly  moving  streams,  it  is 
a  wide-ranging  species,  recorded  from 
New  Jersey  to  Florida  and  Louisiana. 
It  apparently  reaches  only  the  southern 
tip  of  Illinois. 

Illinois  records:  Alexander  Co.,  Union 
Co. 

II.  BEROSUS 

In  this  genus  the  anterior  tibiae  are 
slender  and  straight  with  deep  grooves 
on  the  outside  into  which  the  tarsi  fit 
when  retracted.  The  middle  and  hind 
tarsi  are  fringed  with  long  swimming 
hairs.  The  middle  of  the  hind  margin 
of  the  last  abdominal  segment  has  a 
small  notch  which  bears  one  or  two 
small  lobes  or  teeth.  The  male  protarsi 
are  expanded  and  have  a  tuft  of  hair  on 
each  segment;  the  female  protarsi  are 
unmodified. 

Key  to  the  Illinois  Species  of  Berosus 

1.  Tip  of  each  elytron  with  two  spines; 

hind  margin  of  last  abdominal  stern¬ 
ite  not  emarginate .  pugna.r 

1/  Tip  of  each  elytron  sometimes  pro¬ 
longed,  but  without  definite  spines; 
hind  margin  of  last  abdominal  stern¬ 
ite  with  a  small  notch  that  bears  one 
or  two  small  lobes  or  teeth  in  the  mid¬ 
dle  .  2 

2.  Emargination  of  last  sternite  not 

toothed,  but  with  a  single  small 
lobe  .  3 

2. '  Emargination  of  last  sternite  with 

two  lobes  or  teeth  .  .  .  6 

3.  Size  very  small,  always  less  than 

3mm;  dorsum  nearly  uniformly  yel¬ 
low,  although  disk  of  pronotum  may 
be  darker .  exiguus 

3/  Size  larger,  over  3mm;  elytra  and 
pronotum  usually  with  definite  dark 
markings  . . .  4 

4.  Tips  of  elytra  strongly  produced  and 

acutely  pointed,  especially  in  fe¬ 
males;  elytra  with  a  small  tubercle 
near  the  apex  .  aculeatus 

4/  Tips  of  elytra  not  produced,  less 
acutely  pointed  . 5 

5.  Elytra!  spots  black  and  distinctly 

delimited .  ...  pantherinus 

5.'  Elytral  spots  testaceous  to  piceous 

and  less  distinctly  delimited  . 

.  peregrinus 

tj.  Elytra  and  pronotum  of  female  and 
pronotum  of  male  distinctly  micro- 
reticulate  between  punctures,  not 

strongly  shining . infuscatus 

6/  Elytra  and  pronotum  of  male  and 
elytra  of  female  without  microretic- 
ulation,  strongly  shining  between  the 
punctures  .  . 
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7.  Elytral  spots  more  distinct,  spots  just 
before  middle  consisting  of  a  dark 
streak  on  both  3rd  and  4th  elytral 

intervals  .  striatus 

7/  Elytral  spots  less  distinct,  spot  just 
before  middle  consisting  of  a  streak 
only  on  the  4th  elytral  interval  .... 
.  fraternus 

Berosus  pugnax  LeConte 
Berosus  pugnax  LeConte,  1863:24. 

Berosus  pugnax  is  easily  distinguished 
from  all  other  Illinois  species  of  the 
genus  by  the  spinose  tips  of  the  elytra. 
It  is  often  found  in  situations  rich  in 
organic  material.  I  have  found  speci¬ 
mens  in  muddy  farm  ponds  with  no  veg¬ 
etation  other  than  a  few  tufts  of  grass. 

Illinois  records:  Cass  Co.,  Macoupin 
Co.,  Schuyler  Co.,  and  Union  Co. 

Berosus  aculeatus  complex 
Berosus  aculeatus  LeConte,  1855:363. 

The  Illinois  form  referred  to  B.  acul¬ 
eatus  may  not  be  the  true  aculeatus 
LeConte,  which  was  from  North  Caro¬ 
lina.  The  species  is  quite  variable.  The 
elytral  tips  are  prolonged  and  acute, 
but  do  not  form  distinct  spines. 

Illinois  records:  Macoupin  Co.,  St. 
Clair  Co.  It  is  probably  much  more 
widespread  than  this. 

Berosus  pantherinus  LeConte 
Berosus  pantherinus  LeConte,  1855:364. 

This  species  is  easily  recognized  by 
its  very  convex  shape  and  distinct,  black 
elytral  spots.  The  background  color  is 
yellow.  In  many  situations  it  is  the 
most  common  species  of  Berosus ,  and  it 
probably  occurs  throughout  the  state. 

Illinois  records:  Cass  Co.,  Clark  Co., 
Jersey  Co.,  Jackson  Co.,  Macoupin  Co., 
Monroe  Co.,  Scott  Co.,  Union  Co.,  and 
Vermilion  Co. 

Berosus  exiguus  (Say) 
Hydrophilus  exiguus  Say,  1825:189. 

The  extremely  small  size  and  lack  of 
elytral  spots  distinguish  this  species. 
It  is  easily  overlooked  by  collectors  be¬ 
cause  of  its  size  and  its  habit  of  re¬ 
maining  motionless  when  disturbed.  It 
seems  to  be  most  common  among  the 
vegetation  along  margins  of  ponds.  It 
probably  occurs  throughout  the  state. 

Illinois  records:  Calhoun  Co.,  Union 
Co. 

Berosus  peregrinus  (Herbst) 
Hydrophilus  peregrinus  Herbst,  1797: 
314. 

The  vertex  of  this  species  is  deeply 
emarginate  and  the  elytra  are  deeply 


striate.  It  seems  to  prefer  small  streams, 
although  it  also  occurs  in  quiet  situa¬ 
tions.  The  background  color  is  a  darker 
brownish-yellow  than  in  B.  pantherinus, 
and  the  form  is  not  quite  to  convex. 
Otherwise  the  two  species  are  quite 
similar. 

Illinois  records:  Clark  Co.,  Coles  Co., 
Madison  Co.,  Menard  Co.,  Monroe  Co., 
St.  Clair  Co.,  and  Union  Co. 

The  following  three  species  of  Berosus 
are  very  easily  confused.  The  charac¬ 
ters  given  in  the  key  will  separate 
them,  but  it  is  essential  to  be  able  to 
distinguish  males  from  females.  All 
three  species  are  widely  distributed  in 
Illinois,  and  all  three  can  be  found  in 
the  same  habitats.  They  prefer  quiet 
situations  among  vegetation,  and  they 
are  found  in  ponds  and  ditches  with 
equal  frequency. 

Berosus  infuscatus,  LeConte 
Berosus  infuscatus  LeConte,  1855:365. 

Illinois  records:  Calhoun  Co.,  Cass 
Co.,  Fulton  Co.,  Green  Co.,  Jersey  Co., 
Madison  Co.,  Macoupin  Co.,  Schuyler 
Co.,  Union  Co.,  and  Vermilion  Co. 

Berosus  striatus  (Say) 
Hydrophilus  striatus  Say,  1825:188. 

Illinois  records:  Cass  Co.,  Fulton  Co., 
Jersey  Co.,  Madison  Co.,  Monroe  Co., 
Tazewell  Co.,  Union  Co.,  and  Vermilion 
Co. 

Berosus  fraternus  LeConte 
Berosus  fraternus  LeConte,  1855:366. 

Illinois  records:  Fulton  Co.,  Macoupin 
Co.,  Madison  Co.,  Mason  Co.,  Schuyler 
Co.,  and  Union  Co. 

Subfamily  II:  Hydrophilinae 

Key  to  the  Illinois  Genera  of 
Hydrophilinae 

1.  Size  large,  length  usually  over  25mm 
.  2 

1/  Size  smaller,  length  usually  less  than 
20mm  .  3 

2.  Prosternal  process  one  piece,  hood 

shaped  and  closed  in  front . 

.  Ill  Hydrophilus 

2/  Prosternal  process  two  parted,  open 
in  front  .  IV  Dibolocelus 

3.  Metasternal  spine  long,  exceeding  1st 

abdominal  sternite;  length  usually 
less  than  13mm . V  Tropisternus 

3/  Metasternal  spine  very  short,  length 
usually  more  than  13mm;  proster¬ 
num  carinate  .  VI  Hydrochara 

III.  HYDROPHILUS 

Members  of  this  genus  are  large  and 
convex,  with  a  long  metasternal  spine. 
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Tlie  prosternal  process  is  lioodlike  and 
surrounds  the  metasternal  process  at  its 
anterior  end. 

Hydrophilus  triangularis  Say 
Hydrophilus  triangularis  Say,  1823:201. 

This  is  one  of  the  two  large  Illinois 
liydrophilids.  It  prefers  weedy  ponds 
and  it  may  be  found  in  relatively  deep 
water,  although  it  is  not  uncommon  to 
find  it  in  depths  of  only  a  few  inches. 
It  is  probably  most  commonly  collected 
at  light,  however,  as  it  seems  to  migrate 
at  certain  times  of  the  year.  It  occurs 
throughout  the  state. 

Illinois  records:  Putnam  Co.,  Madison 
Co.,  St.  Clair  Co.,  and  Union  Co. 

IV.  DIBOLOCELUS 

The  prosternal  process  in  this  genus 
is  composed  of  two  lobes,  one  on  either 
side  of  the  anterior  end  of  the  metaster¬ 
nal  process.  The  species  of  Dibolocelus 
are  also  somewhat  more  convex  thaii 
those  of  Hydrophilus. 

Dibolocelus  ovatus  (Gemminger  and 
Harold)  Hydrophilus  ovatus  Gemminger 
and  Harold,  1868:476. 

Diboloceus  ovatus  occurs  in  the  same 
sorts  of  habitats  as  Hydrophilus  trian¬ 
gularis ,  but  it  apparently  prefers  deeper 
water  and  is  not  so  commonly  taken.  It 
occurs  throughout  the  state. 

Illinois  records:  Kankakee  Co.,  and 
Union  Co. 

V.  TROPISTERNUS 

The  small  size  (usually  less  than  12 
mm)  and  the  elongate  metasternal 
spine  characterize  this  genus.  The  term¬ 
inal  segment  of  the  maxillary  palpus  is 
as  long  or  longer  than  the  penultimate. 

Key  to  the  Illinois  Species  of 
Tropisternus 

1.  Elytra  and  pronotum  entirely  with¬ 
out  yellow  markings  .  4 

1/  Elytra  and  pronotum  with  at  least 
a  margin  of  yellow  .  2 

2.  Elytra  and  pronotum  narrowly  mar¬ 

gined  with  yellow,  disk  of  each  en¬ 
tirely  dark  .  lateralis  nimbatus 

2/  Elytra  and  pronotum  more  exten¬ 
sively  yellow,  elytral  disk  striped  .  . 
.  3 

3.  Pronotum  yellow  except  for  a  nar¬ 

row  longitudinal  dark  marking  on 
the  disk . mexicanus  mexicanus 

3/  Pronotal  dark  markings  more  ex¬ 

tensive,  always  wider  than  long  .  .  . 
.  mexicanus  striolatus 

4.  Pronotum  with  a  series  of  pores  near 


the  middle  of  the  side  margins,  at 

least  4  to  6  pores  visible .  5 

4/  Pronotum  with  only  one  or  two  pores 
near  the  middle  of  the  side  margins; 
legs  dark  with  areas  of  red  at  the 
knees  .  ellipticus 

5.  Hind  femora  with  a  trapezoidal  pub¬ 

escent  area  at  the  base,  pubescence 
exceeding  the  extreme  tip  of  the  tro¬ 
chanter;  also  extended  on  the  mid¬ 
dle  femora  .  6 

5/  Pubescent  area  of  hind  femora  tri¬ 
angular,  not  exceeding  the  tip  of  the 
trochanter;  still  more  reduced  on  the 
middle  femora  . 7 

6.  Punctation  fine  near  front  of  elytra, 
with  larger  punctures  only  near  the 
rear;  mesosternal  carina  not  densly 

covered  with  bristly  pores  . 

.  blatchleyi  modestus 

6/  Punctation  coarse  towards  front  of 
elytra,  becoming  finer  towards  rear; 
mesosternal  carnia  densely  covered 
with  bristly  pores  .  mixtus 

7.  Mesosternal  carina  with  an  excava¬ 
tion  between  1st  and  2nd  pairs  of 

legs;  carina  relatively  broad  . 

natator 

7.'  Mesosternal  carina  with  no  excava¬ 
tion  between  legs,  instead  very  flat 
and  comparatively  narrow  .  .  glaber 

Tropisternus  lateralis  nimbatus  (Say) 
Hydrophilus  nimbatus  Say,  1823:201. 

The  yellow  border  makes  this  insect 
easy  to  recognize.  It  is  probably  the 
most  common  species  of  Tropisternus  in 
Illinois,  invading  nearly  every  tempor¬ 
ary  situation  as  well  as  persisting  in 
many  permanent  ones. 

Illinois  records:  Alexander  Co.,  Cal¬ 
houn  Co.,  Cass  Co.,  Christian  Co.,  Clark 
Co.,  Coles  Co.,  Fulton  Co.,  Jackson  Co., 
Jersey  Co.,  Kankakee  Co.,  Macoupin  Co., 
Madison  Co.,  Mason  Co.,  Monroe  Co., 
Montgomery  Co.,  Moultrie  Co.,  Perry 
7o.,  Schuyler  Co.,  Tazewell  Co.,  Union 
Co.,  and  Vermilion  Co. 

The  following  two  subspecies  are  most 
readily  separated  by  the  differences  in 
pigmentation  given  in  the  key.  In  the 
southwestern  part  of  Illinois  they  occur 
together,  but  T.  mexicanus  striolatus  ex¬ 
tends  eastward  to  the  Atlantic  coast, 
while  the  range  of  T.m.  mexicanus  ex¬ 
tends  west  to  Kansas  and  south  to 
Mexico.  They  are  found  in  most  per¬ 
manent  ponds,  as  well  as  many  stagnant 
situations.  T.  m.  striolatus  seems  to  be 
the  more  common  in  the  spring,  but 
both  are  abundant  in  summer  and  early 
fall. 
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Tropisternus  mexicanus  mexicanus 
(Castelnau)  Hydrophilus  mexicanus 
Castelnau,  1840:54. 

Illinois  records:  Cass  Co.,  Madison 
Co.,  Macoupin  Co.,  and  Monroe  Co. 

Tropisternus  mexican us  s  trio  l at u  s 
(LeConte)  Hydrophilus  striolatus  Le- 
Conte,  1855:868. 

Illinois  records:  Calhoun  Co.,  Macou¬ 
pin  Co.,  Madison  Co.,  Monroe  Co.,  Saline 
Co.,  and  Union  Co. 

Tropisternus  glaber  (Herbst)  Hydro¬ 
philus  glaber  Herbst,  1797:298. 

This  insect  is  very  difficult  to  separate 
from  T.  natator.  The  width  of  the  mes- 
osternal  carina  is  the  most  readily  used 
character,  but  it  is  necessary  to  have 
both  species  for  comparison.  It  is  limited 
to  extreme  northern  Illinois, 

Illinois  records:  Lake  County. 

Tropisternus  mixtus  (LeCont q)  Hydro¬ 
philus  mixtus  LeConte,  1855:368. 

Tropisternus  mixtus  closely  resembles 
the  next  species,  but  it  is  somewhat 
larger  and  the  legs  are  more  yellow.  It 
is  apparently  not  common  in  Illinois. 

Illinois  records:  Lake  County. 

Tropisternus  blatchleyi  modestus  d’Or- 
ehymont  Tropisternus  modestus  d’Or- 
ehymont,  1938:437. 

The  small  size  (7. 0-9. 0mm)  and  red¬ 
dish  legs  and  feet  make  this  species 
easily  recognized.  It  is  often  locally 
abundant,  apparently  preferring  per¬ 
manent  situations  that  are  somewhat 
shaded. 

Illinois  records:  Alexander  Co.,  Cal¬ 
houn  Co.,  Jersey  Co.,  Jo  Daviess  Co., 
Madison  Co.,  Perry  Co.,  and  Union  Co. 

Tropisternus  ellipticus  (LeConte)  Hy¬ 
drophilus  ellipticus  LeConte,  1855:368. 

Tropisternus  ellipticus  is  very  similar 
to  T.  natator,  but  the  reduced  pore  sys¬ 
tem  of  the  elytra  will  distinguish  it.  It 
is  restricted  to  southern  and  western 
Illinois. 

Illinois  records:  Cass  Co.,  and  Union 
Co. 

Tropisternus  natator  d’Orchymont,  Tro¬ 
pisternus  natator  d’Orchymont  1938:- 
436. 

The  relatively  wider  and  somewhat 
excavated  mesosternal  carina  will  sep¬ 
arate  this  species  from  T.  glaber.  It  is 
also  more  common  than  T.  glaber,  occur- 
ing  throughout  the  state. 

Illinois  records:  Cass  Co.,  Clark  Co.. 
Jersey  Co.,  Kankakee  Co.,  Macoupin  Co., 


Madison  Co.,  Monroe  Co.,  Montgomery 
Co.,  and  Union  Co. 

VI.  HYDROCHARA 

The  metasternal  spine  is  short  in  this 
genus.  It  barely  reaches  the  middle  of 
the  first  abdominal  sternite.  Hydrochara 
is  intermediate  in  size  between  Hydro¬ 
philus  and  Tropisternus. 

Hydrochara  obtusata  (Say)  Hydro¬ 
philus  obtusatus  Say,  1823:201. 

There  are  probably  more  than  one 
species  in  Illinois  included  under  this 
name.  It  is  frequently  taken  with  Hy¬ 
drophilus,  but  it  is  also  often  found 
among  decaying  leaves  and  debris  in 
very  shallow  pools.  It  occurs  throughout 
the  state. 

Illinois  records:  Alexander  Co.,  Cass 
Co.,  Cook  Co.,  Fulton  Co.,  Jersey  Co., 
Macoupin  Co.,  Madison  Co.,  Perry  Co., 
and  St.  Clair  Co. 


Subfamily  III :  Hydrobiinae 

Key  to  the  Illinois  Genera  of 
Hydrobiinae 

1.  Maxillary  palpi  stout  and  short, 
about  same  length  as  antennae,  last 
segment  as  long  as  or  longer  than 
the  penultimate .  2 

1. '  Maxillary  palpi  slender,  much  long¬ 

er  than  the  antennae,  last  segment 
usually  shorter  than  the  penulti¬ 
mate:  antennae  always  9-segment- 
ed .  6 

2.  Elytra  without  sutural  stria,  abdo¬ 
men  with  6  visible  segments;  hind 
trochanters  large.  .  .  VII  Laccobius 

2/  Elytra  with  sutural  stria,  abdomen 
with  5  segments .  3 

3.  Smaller  species,  less  than  3mm  long; 

elytra  confusedly  punctate  or  al¬ 
most  impunctate .  4 

3. '  Larger  species,  over  5mm  long;  ely¬ 

tra  striate  or  with  rows  of  pro¬ 
nounced  punctures.  VIII  Hydrobius 

4.  Eyes  protuberant,  form  oblong,  de¬ 


pressed .  IX  Crenitis 

4.'  Eyes  not  protuberant .  5 


5.  Hind  femora  densly  pubescent;  pro¬ 
sternum  not  carinate.  .  .  X  Anacaena 

5/  Hind  femora  at  most  sparsely  pu¬ 
bescent  at  base;  prosternum  longi¬ 
tudinally  carinate.  .  .  XI  Paracymus 

6.  All  tarsi  five-segmented . 7 

6. '  Middle  and  hind  tarsi  four-segment¬ 

ed .  8 

7.  Pseudobasal  joint  of  maxillary  pal¬ 
pus  curved  with  the  convexity  to  the 
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front;  mesosternum  with  a  longi¬ 
tudinal  lamina . XII  Enochrus 

7/  Pseudobasal  joint  of  maxillary  pal¬ 
pus  curved  with  the  convexity  to  the 
posterior;  mesosternum  at  most 
feebly  protuberant.  XIII  Helochares 
8.  Mesosternal  carina  transverse  or 
elevated  at  middle,  forming  a  pyra¬ 
midal  or  dentiform  protuberance. 

. XIV  Cymbiodyta 

8/  Mesosternum  with  a  compressed  con¬ 
ical  process;  maxillary  palpi  long 
and  slender . XV  Helocombus 

VII.  LACCOBIUS 

The  complete  lack  of  elytral  striae,  in¬ 
cluding  a  sutural  one,  readily  identify 
this  genus. 

Laccobius  agilis  (Randall)  Hydro- 
philus  agilis  Randall  1838:  19. 

This  species  is  probably  more  wide¬ 
spread  in  Illinois  than  the  records  below 
would  indicate.  It  apparently  prefers  the 
margins  of  lakes  and  streams,  especially 
where  the  bottom  is  sandy. 

Illinois  records:  Cass  Co.,  Madison 
Co.,  Scott  County. 

VIII.  HYDROBIUS 

In  this  genus,  the  last  segment  of  the 
short,  stout  maxillary  palpi  is  as  long 
as  or  longer  than  the  next  to  last  seg¬ 
ment.  The  elytra  have  pronounced  rows 
of  punctures  or  distinct  striae. 

Key  to  the  Illinois  Species  of  Hydro- 
bius. 

1.  Elytra  with  well-marked  striae: 
form  oblong . fuscipes 

1. '  Elytra  with  no  striae,  but  with  rows 

of  punctures . 2 

2.  Posterior  femora  densely  punctate 

and  pubescent  near  base  and  along 
upper  border .  melaenus 

2/  Posterior  femora  less  densely  punc¬ 
tate  along  base,  not  pubescent. 
.  tumid  us 

Hydrobius  fuscipes  (Linneaus)  Dytis- 
c us  fuscipes  Linneaus  1758:  411. 

The  coarse  punctures  on  alternate  ely¬ 
tra!  intervals  and  the  distinct  elytral 
striae  serve  to  distinguish  this  species. 
It  prefers  standing  water,  especially 
where  there  is  much  debris. 

Illinois  records:  Cook  County. 

Hydrobius  tumidus  LeConte  Hydro- 
bius  tumulus  LeConte  1855:  372. 

The  fine  rows  of  elytral  punctures  and 
the  lack  of  pubescence  on  the  hind  fe¬ 


mora  serve  to  separate  this  species.  It 
appears  to  prefer  detritus  ponds  and  is 
frequently  found  among  debris  in  stag¬ 
nant  pools. 

Illinois  records:  Richland  County. 

Hydrobius  melaenus  Germar  Hydro- 
bins  melaenus  Germar  1824:  96. 

This  species  differs  from  the  other  two 
Illinois  members  of  the  genus  in  that  it 
seems  to  prefer  running  water  to  stand¬ 
ing.  It  has  not  yet  been  reported  from 
Illinois,  but  does  occur  in  south-central 
Indiana,  and  is  included  here  for  the 
record. 

IX.  CRENITIiS 

Members  of  this  genus  superficially  re¬ 
semble  those  of  Paracymus.  They  are 
more  depressed  and  parallel-sided  and 
the  prosternum  and  mesosternum  are 
not  carinate.  The  hind  femora  are  fre¬ 
quently  pubescent,  at  least  on  the  basal 
portion. 

Orenitis  long  ulus  (Fall)  Paracymus 
longulus  Fall  1924:88. 

The  polished  black  dorsum  with  pale 
margins  distinguish  this  species.  The 
single  Illinois  specimen  I  have  seen 
came  from  a  small  silty  pool  in  a  slowly 
moving  stream. 

Illinois  records:  Madison  County. 

X.  ANACAENA 

The  convex,  globular  form,  the  con¬ 
fusedly  punctate  and  noil-metallic  dor¬ 
sum,  the  lack  of  any  prosternal  carina. 
and  pubescent  and  densely  punctate  hind 
femora  serve  to  separate  Anacaena  from 
all  other  members  of  our  fauna. 

Anacaena  limbata  (Fabricius)  Hydro- 
philus  limbata  Fabricius  1792:  82. 

Anacaena  limbata  is  common  among 
debris  in  standing  water.  It  occurs 
throughout  the  United  States  and  is  one 
of  the  most  common  hydropliilids. 

Illinois  records:  Cass  Co.,  Lake  Co., 
Madison  Co.,  Peoria  Co.,  St.  Clair  Co.. 
Union  County. 

XI.  PARACYMUS 

The  short,  convex  form,  confused  dor¬ 
sal  punctation  and  longitudinally  cari¬ 
nate  prosternum  distinguish  this  genus, 
sal  punctation,  and  longitudinally  cari- 
The  mesosternum  has  a  c — shaped  proc¬ 
ess,  and  the  hind  femora  are  not  pubes¬ 
cent. 
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Key  to  the  Illinois  Species  of  Paracy- 
mus 

1.  Elytra  and  pronotum  smooth  and 

shining  between  the  punctures;  an¬ 
tennae  7-  or  8-segmented .  2 

1/  Elytra  and  pronotum  finely  reticu¬ 
late  between  the  punctures;  anten¬ 
nae  9-segmented .  despectus 

2.  Mesosternum  with  a  well  developed 

longitudinal  lamina  projecting  for¬ 
ward  between  the  legs;  Antennae  7- 
segmented .  confluens 

2/  Mesosternal  lamina  weak  and  great¬ 
ly  reduced,  not  reaching  the  trans¬ 
verse  mesosternal  crest;  antennae 
8-segmented .  3 

3.  Pronotal  punctation  more  reduced 

than  that  of  elytra,  widely  scattered 
in  many  places . confusus 

3/  Pronotal  punctation  about  equal  to 
that  of  elytra  and  evenly  distributed 
over  surface .  4 

4.  Male  protarsal  claws  thickened  in 
distal  view;  dorsum  usually  distinct¬ 
ly  metallic;  length  2. 4-2. 6mm. 
.  subcupreus 

4/  Male  protarsal  claws  not  thickened 
in  distal  view;  dorsum  usually  testa¬ 
ceous  to  piceous;  length  2. 1-2. 3mm. 
.  communis 

Paracymus  despectus  (LeConte)  Hy- 
drobius  despectus  LeConte  1863:  25. 

The  finely  microreticulate  elytra  dis¬ 
tinguish  this  species  of  Paracymus  from 
all  other  Illinois  members  of  the  genus. 
The  antennae  are  9-segmented,  but  the 
segments  are  minute  and  very  difficult 
to  count.  It  has  been  reported  from  a 
variety  of  situations,  from  sand-bottomed 
streams  to  roadside  ditches. 

Illinois  records;  Madison  County. 

Paracymus  confluens  Wooldridge  Par¬ 
acymus  confluens  Wooldridge  1966:  716. 

The  well-developed  mesosternal  lamina 
marks  this  species.  It  is  the  only  Illinois 
form  that  has  it.  It  is  a  species  that  ap¬ 
parently  prefers  the  somewhat  acid 
water  of  bogs  and  swamps. 

Illinois  records:  Madison  Co.,  Union 
County. 

The  remaining  three  species  of  Paracy¬ 
mus  are  very  difficult  to  separate  except 
by  reference  to  the  male  genitalia.  Sort¬ 
ing  of  females  usually  requires  a  series 
of  all  three  species  and  should  not  be  at¬ 
tempted  by  anyone  not  familiar  with  the 
genus. 

Paracymus  subcupreus  (Say)  Hydro- 
philus  subcupreus  Say  1825:  189. 

Paracymus  subcupreus  is  the  only  one 


of  the  species  with  8-segmented  anten¬ 
nae  which  ocurs  in  Northern  Illinois. 
All  three  species  occur  together  in  Cen¬ 
tral  and  Southern  parts  of  the  state. 

Illinois  records:  Jersey  Co.,  Lake  Co., 
Macoupin  Co.,  Madison  Co.,  Pike  Co., 
Union  Co.,  and  Vermilion  County. 

Paracymus  communis  Wooldridge  Par¬ 
acymus  communis  Wooldridge  1966:  718. 

In  addition  to  the  characters  given  in 
the  key,  this  species  often  has  the  max¬ 
illary  palpi  much  shorter  and  stouter 
than  those  of  the  closely  related  species. 
It  is  necessary  to  have  specimens  of  a 
second  species  for  comparison,  however. 

Illinois  records:  Bond  Co.,  Macoupin 
Co.,  Madison  Co.,  Pike  Co.,  and  St.  Clair 
County. 

Paracymus  confusus  Wooldridge  Para¬ 
cymus  confusus  Wooldridge  1966:  719. 

In  this  species,  the  male  protarsal 
claws  differ  in  thickness.  The  anterior 
claw  is  thickened  nearly  as  much  as  in 
P.  subcupreus ,  but  the  posterior  claw  is 
thin  and  bladelike. 

Illinois  records:  Alexander  Co.,  Bond 
Co.,  Macoupin  Co.,  Madison  Co.,  St.  Clair 
Co.,  and  Union  Cc. 

XII.  ENOCHRUS 

All  tarsi  are  5-segmented  in  Enochrus. 
The  elytra  are  confusedly  punctate  and 
lack  striae  except  for  the  sutural  one. 
The  mesosternum  is  laminate.  The  max¬ 
illary  palpi  are  long  and  slender  with 
the  last  segment  shorter  than  the  next 
to  last,  and  the  apparent  basal  segment 
is  curved  with  the  convexity  to  the  front. 

Key  to  the  Illinois  Species  of  Enoch- 
rus. 

1.  Last  sternite  with  a  distinct  emargi- 

nation  which  is  fringed  with  hairs; 
if  notch  is  indistinct  the  fringe  of 
hairs  is  present  and  distinct . 2 

1/  Last  sternite  without  a  distinct  emar- 
gination  or  fringe  of  hairs .  6 

2.  Prosternum  distinctly  carinate. 
.  pygmaeus 

2/  Prosternum  not  carinate .  3 

3.  Mesosternal  lamina  feeble,  not  angu- 

late . ochraceus 

3/  Mesosternal  lamina  strong,  usually 
with  a  well  developed  anterior  an¬ 
gle .  4 

4.  Anterior  claws  of  male  not  distinctly 

toothed .  5 

4/  Anterior  claws  of  male  with  a  dis¬ 
tinct  tooth;  maxillary  palpi  testa¬ 
ceous;  border  of  pronotum  testace- 


I J lino  is  Hydrophilidac 


429 


oits .  consortus 

5.  Basal  marginal  line  of  prothorax  in¬ 
distinct;  size  5. 0-7. Omni . cinctus 

5/  Prothorax  with  a  distinct  basal  mar¬ 
ginal  line;  size  4. 0-5. 5mm.  perplexus 

6.  Clypeus  emarginate,  preclypeus  ex¬ 
posed .  horni 

6/  Clypeal  margin  straight,  not  notched. 
.  diffusus 

Enochrus  perplexus  (LeConte)  Phil- 
hydrus  perplexus  LeConte  1855:  371. 

Enochrus  perplexus  is  a  brownish 
black  beetle  with  the  pronotum  and  ely- 
tral  margins  lighter.  Its  length  is  4.0  to 
5.5mm. 

Illinois  records:  Cook  Co.,  Crawford 
Co.,  and  Madison  County. 

Enochrus  cinctus  (Say)  Hydrophilus 
cinctus  Say  1824:  276. 

The  large  size  and  testaceous  maxil¬ 
lary  palpi  mark  this  species  off  from  all 
other  Illinois  forms  except  E.  consortus , 
which  has  the  male  protarsal  claws 
toothed.  Enochrus  cinctus  is  quite  wide¬ 
spread.  It  often  occurs  with  E.  ochra- 
ceus. 

Ilinois  records:  Alexander  Co.,  Fulton 
Co.,  Madison  Co.,  Union  Co.,  and  Ver¬ 
milion  County. 

Enochrus  pygmaeus  (Fabricius)  Hy¬ 
drophilus  pygmaeus  Fabricius  1792:  186. 

The  carinate  prosternum  separates 
this  species.  The  species  is  quite  vari¬ 
able,  especially  in  pigmentation,  and 
more  than  one  species  may  be  represent¬ 
ed.  The  Illinois  form  is  frequent  in  many 
different  types  of  habitat. 

Illinois  records:  Calhoun  Co.,  Cass  Co., 
Fulton  Co.,  Jersey  Co.,  Macoupin  Co., 
Madison  Co.,  Monroe  Co.,  Randolph  Co., 
Scott  Co.,  and  Union  County. 

Enochrus  ochraceus  (  Melsheimer  ) 
Philhydrus  ochraceus  Melsheimer  1844: 
101. 

The  mesosternal  lamina  is  only  feebly 
developed  in  this  species.  The  color  is 
variable,  but  it  is  usually  yellow-brown. 
Its  size  is  between  3.0  and  4.0mm.  Defin¬ 
itely  lenitic  in  distribution,  it  is  found 
among  debris  and  detritus  of  ponds. 

Illinois  records:  Alexander  Co.,  Cass 
Co.,  DeWitt  Co.,  Fulton  Co.,  Greene  Co., 
Jersey  Co.,  Lake  Co.,  Macon  Co.,  Macou¬ 
pin  Co.,  Madison  Co.,  Mason  Co.,  Schuy¬ 
ler  Co.,  Scott  Co.,  Tazewell  Co.,  and 
Union  County. 

Enochrus  consortus  Green  Enochrus 
consortus  Green  1946:  61. 


Enochrus  consortus  is  larger  than  any 
other  Illinois  Enochrus,  ranging  between 
7.0  and  8.0mm.  The  male  protarsal  claws 
are  toothed  and  this  character  will  sepa¬ 
rate  the  species  from  E.  cinctus. 

Illinois  records:  Alexander  Co.,  Jer¬ 
sey  Co.,  Lake  Co.,  Perry  Co.,  Tazewell 
Co.,  and  Union  County. 

Enochrus  horni  Leech  Enochrus  horni 
Leech  1949:  250. 

The  Illinois  form  differs  somewhat 
from  the  typical  material,  and  may  rep¬ 
resent  a  separate  species.  It  is  the  only 
Illinois  form  without  a  fringe  of  hairs 
on  the  last  sternite  and  with  the  pre¬ 
clypeus  exposed. 

Illinois  records:  Carroll  Co.,  Cook  Co., 
Madison  Co.,  and  Montgomery  county. 

Enochrus  diffusus  (LeConte)  Philhy¬ 
drus  diffusus  LeConte  1855:  371. 

The  lack  of  an  emargination  or  fringe 
of  hairs  on  the  last  sternite  and  the 
straight  clypeal  margin  serve  to  dis¬ 
tinguish  this  species. 

Illinois  records:  Cook  Co.,  Fulton  Co., 
Mason  Co.,  Macoupin  Co.,  Montgomery 
Co.,  Schuyler  Co.,  and  Tazewell  County. 

XIII.  HELOCHARES 

In  this  genus,  the  mesosternum  lacks 
any  definite  lamina  or  carina,  the  tarsi 
are  all  five  segmented,  and  the  basal  seg¬ 
ment  of  the  maxillary  palpi  is  curved 
with  the  convex  side  toward  the  rear. 
The  female  in  this  genus  carries  the  egg 
case  attached  to  the  abdomen  until  the 
eggs  hatch,  and  it  is  common  to  collect 
them  in  this  condition. 

Helochares  maculicollis  Mulsant  Helo- 
chares  maculicollis  Mulsant  1844:  379. 

The  prosternum  is  carinate  in  this 
species.  It  is  usually  dark  brown  with 
a  piceous  spot  on  the  disk  of  the  prono¬ 
tum.  It  is  frequently  found  in  the  mud 
of  the  borders  of  ponds  and  ditches,  and 
it  undoubtedly  occurs  throughout  the 
state. 

Illinois  records:  Cass  Co.,  Kankakee 
Co.,  Macoupin  Co.,  Madison  Co.,  and 
Union  County. 

XIV.  CYMBIODYTA 

Gymhiodyta  resembles  Enochrus,  ex¬ 
cept  that  it  has  the  middle  and  hind 
tarsi  four-segmented,  and  the  basal  seg¬ 
ment  of  the  maxillary  palpi  is  curved 
with  the  convexity  toward  the  rear.  The 
mesosternum  has  an  elevated  transverse 
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ridge.  The  species  of  Cymbiodyta  appear 
to  prefer  quiet  detritus  pools,  although 
they  also  occur  in  streams. 

Key  to  Illinois  Species  of  Cymbiodyta. 

1.  Mesosternum  with  an  angular  or 
dentiform  ridge  in  the  middle  ....  1 

1/  Mesosternal  ridge  straight  or  smooth¬ 
ly  rounded .  3 

2.  Mesosternal  ridge  bearing  a  strong 
median  tooth;  femoral  pubescence 
relatively  long;  size  3. 0-4. 5mm. 
.  acuminata 

2/  Mesosternal  ridge  without  a  strong- 
median  tooth ;  femoral  pubescence 
relatively  short;  size  2. 7-4. 0mm. 
.  minima 

3.  Clypeus  with  a  brown  spot  in  front 
of  each  eye;  elytra  and  pronotum 


with  a  pale  margin . blanchardi 

3.'  Clypeus  piceous .  fimbriata 

vindicata 

toddi 


Unfortunately,  the  last  three  species 
in  the  key  can  be  adequately  separated 
only  on  the  basis  of  male  genitalia,  and 
no  attempt  will  be  made  to  separate 
them  here.  With  one  exception,  all  Illi¬ 
nois  specimens  I  have  seen  from  this 
group  can  be  referred  to  C.  toddi.  Older 
records  for  the  other  two  species  must 
he  considered  suspect. 

Cymbiodyta  acuminata  Fall  Cymbio- 
dyta  acuminata  Fall  1924:  87. 

The  femoral  pubescence  is  longer  in 
this  species  than  in  C.  minima  which  it 
closely  resembles.  The  maxillary  palpi 
are  yellow-brown. 

Illinois  records:  Fulton  County. 

Cymbiodyta  minima  Notman  Cymbio¬ 
dyta  minima  Notman  1919:  133. 

The  maxillary  palpi  are  yellow  and 
slender  in  C.  minima.  It  averages  slight¬ 
ly  larger  than  C.  acuminata. 

Illinois  records:  Lake  County. 

Cymbiodyta  blanchardi  Horn  Cymbio¬ 
dyta  blanchardi  Horn  1890:  258. 

The  brown  spot  in  front  of  the  eyes 
make  this  species  easy  to  recognize. 

Illinois  records:  Jo  Daviess  Co.,  and 
Kane  County. 

Cymbiodyta  vindicata  Fall  Cymbiodyta 
vindicata  Fall  1924:  86. 

Ilinois  records:  None,  hut  it  probably 
does  occur  in  the  state. 

Cymbiodyta  fimbriata  (Melsheimer) 
Philliydrus  fimbriata  Melsheimer  1844: 
101. 

Illinois  records:  .To  Daviess  County. 


Cymbiodyta  toddi  Spangler  Cymbiody¬ 
ta  toddi  Spangler  1966:  211. 

Illinois  records:  Coles  Co.,  Peoria  Co., 
Macoupin  Co.,  and  Madison  County. 

XV.  HELOCOMBUS 

This  genus  closely  resembles  Hydro- 
bius,  but  the  middle  and  hind  tarsi  are 
only  four  segmented,  and  the  maxillary 
palpi  are  long.  The  mesosternal  process 
is  conical  and  compressed. 

Helocombus  bifidus  (LeConte)  Phil- 
hydrus  bifidus  LeConte  1855:  371. 

Length  5. 0-7. 0mm.  Helocombus  seems 
to  prefer  small  pools  in  wooded  areas, 
living  among  leaf  mold.  It  may  also  be 
found  in  sluggish  streams.  It  has  been 
reported  as  frequent  in  the  lakes  of 
Northern  Indiana  so  it  is  probably  more 
common  in  Illinois  than  these  records 
indicate. 

Illinois  records:  Lake  County. 

Subfamily  IV :  Chaetarthrttnae 
XVI.  CHAETARTHRIA 

The  unusual  excavation  of  the  basal 
abdominal  sternites  is  diagnostic  for 
this  genus.  The  excavation  is  covered  by 
a  fringed,  bilobed  plate.  The  members  of 
this  genus  are  only  semi-aquatic  and 
are  most  frequently  collected  at  light. 

Key  to  the  Illinois  Species  of  Chaetar- 
thria. 

1.  Dorsum  black .  atra 

1/  Dorsum  brownish-yellow;  head  black. 
. pallida 

Chaetarthria  atra  (LeConte)  Cylli- 
dium  atra  LeConte  1863:  24. 

Illinois  records:  Union  County. 

Chaetarthria  pallida  (LeConte)  Cylli- 
dium  pallida  LeConte  1861:  342. 

Ilinois  records:  Lake  County. 
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NEWS  AND  COMMENTS 


In  the  last  issue  I  promised  to 
continue  my  report  on  staff  changes 
in  chemistry  at  Southern. 

David  F.  Roster,  Ph.D.,  joined 
the  faculty  as  an  Assistant  Professor 
of  physical  chemistry.  Dr.  Koster 
obtained  a  B.A.  degree  from  the  Uni¬ 
versity  of  St.  Thomas  (Houston, 
Texas)  in  1959  and  a  M.S.  (1963) 
and  Ph.D.  (1965)  from  Texas  A  &  M 
University.  Since  November  of  1964 
he  has  been  a  Fellow  at  the  Mellon 
Institute.  His  main  interests  are  in 
the  study  of  rotational  equilibria 
and  conformational  changes  in  mol¬ 
ecules  with  the  aid  of  NMR  and  in¬ 
frared  methods. 

James  Tyrrell ,  Pli.D.,  came  to 
Southern  as  an  Assistant  Professor 
of  physical  chemistry.  Dr.  Tyrrel 
was  born  in  Scotland  and  did  his 
undergraduate  work  at  the  Univer¬ 
sity  of  Glasgow,  receiving  a  B.Sc. 
with  Honours  in  1960.  He  received 
the  Ph.D.  degree  at  the  same  uni¬ 
versity  in  1963.  For  two  years,  he 
was  a  teaching  postdoctoral  fellow 
at  McMaster  University  in  Hamil¬ 
ton,  Ontario.  Since  1965,  he  has  been 
a  National  Research  Council  post¬ 
doctoral  fellow  at  the  Division  of 
Pure  Physics  in  Ottawa,  Ontario. 
His  areas  of  specialization  are  spec¬ 
troscopy  (microwave,  infrared,  ul¬ 
traviolet,  NMR)  and  elementrary 
quantum  mechanics.  He  has  a  re¬ 
search  program  in  the  infrared  and 
electronic  spectra  of  some  conju¬ 
gated  ketones. 

I  would  like  to  urge  that  insti¬ 
tutions  and  schools  in  Illinois  send 


in  more  news  of  activities  and 
changes  to  the  editor. 

As  I  review  the  five  volumes  ed¬ 
ited  by  me,  I  note  a  change.  My  first 
issue  contained  seven  articles  and 
totaled  70  pages.  This  issue  has 
more  articles  and  more  pages.  Of 
greater  interest  is  the  geographic 
source  of  the  papers.  In  the  first 
three  years  about  one-fourth  of  the 
papers  came  from  Southern  Illinois 
University.  In  the  next  two  years 
more  than  one-half  of  the  papers 
were  from  Southern. 

This  increase  in  the  number  of 
papers  from  the  institution  where 
the  editor  is  located  emphasizes  a 
point  that  I  want  to  harp  on.  There 
is  a  definite  value  in  having  the  ed¬ 
itorship  located  on  a  campus.  It  is 
a  lot  easier  to  write  a  paper  when 
you  have  the  editor  at  hand  to  help 
with  advice  on  a  problem.  I  could 
point  to  a  lot  of  papers  that  were 
published  because  someone  said 
“Gee,  I  should  get  that  paper  out 
but  — .  ”  The  next  thing  you  know 
is  that  the  meddlesome  editor  has 
talked  himself  into  another  job.  An 
institution  that  wants  to  increase 
the  rate  of  published  faculty  and 
student  research  can  do  no  better 
than  to  capture  an  editor.  However, 
this  is  rough  on  the  editor.  When 
a  faculty  member  starts  this  job  he 
can  do  it  at  night  and  on  weekends. 
But,  as  one’s  local  authors  clamber 
on  the  “band-wagon,”  the  work  be¬ 
gins  to  take  place  during  working 
hours  and  all  day.  It  is  easy  to 
solve  problems  when  people  are  in 
their  offices. 
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A  PRELIMINARY  ANNOTATED  CHECKLIST  OF  THE 
MOSS  FLORA  OF  CARROLL  COUNTY,  ILLINOIS 


R.  P.  WUNDERLIN 

Department  of  Botany,  Southern  Illinois  University 


Abstract. — Forty-nine  species  of  moss¬ 
es  are  reported  as  occurring  in  Carroll 
County,  Illinois,  of  which  seven  are  pre¬ 
viously  unreported  as  occurring  in  the 
county. 


This  paper  is  intended  to  be  a  check¬ 
list  of  the  moss  species  known  to  occur 
in  Carroll  County,  Illinois,  and  to  serve 
as  a  basis  for  a  more  complete  survey  of 
the  moss  flora  of  this  region.  This  list 
was  compiled  from  the  literature  and 
from  some  field  work  by  the  author  in 
the  area. 

Forty-nine  species  are  reported  as  oc¬ 
curring  in  Carroll  County  of  which  sev¬ 
en  are  new  to  the  county. 

Species  previously  reported  are  fol¬ 
lowed  by  a  literature  citation (s).  In 
some  areas  synonymous  names  are  given 
if  the  nomenclature  used  differed  from 
that  of  Crum,  Steere,  and  Anderson 
(1965).  Species  new  to  the  county  are 
followed  by  a  specimen  citation (s). 

The  arrangement  of  the  families  fol¬ 
lows  that  of  Brotherus  (1924,  1925)  and 
the  nomenclature  follows  that  of  Crum, 
Steere,  and  Anderson  (1965). 

The  author  acknowledges  Dr.  C.  B. 
Arzeni,  Eastern  Illinois  University, 
Charleston,  for  checking  the  identifica¬ 
tion  of  some  of  the  author’s  specimens. 

FISSIDENTACEAE 

Fissidens  hryoides  Hedw.  var.  incurvus 
(Starke  ex  Web.  &  Mohr)  Roehl 
(Hague,  1929)  reported  as  Fissidens 
incurvus. 

Fissidens  cristatus  Wils.  ex  Mitt.  (Hague 
1929;  Boewe,  Barrick,  &  Hague, 
1935). 

Fissidens  minutulus  Sull.  (Hague,  1929; 
Boewe,  Barrick,  &  Hague,  1935)  re¬ 


ported  as  Fissidens  incurvus  var. 
minutulus. 

DITRICHACEAE 

Ceratodon  purpureus  (Hedw.)  Brid. 
(Boewe,  Barrick,  &  Hague,  1935). 

DICRANACEAE 

Dicranella  rufescens  (With.)  Schimp. 

(Boewe,  Barrick,  &  Hague,  1935). 
Dicranella  Varia  (Hedw.)  Schimp. 
(Boewe,  Barrick,  &  Hague,  1935). 

POTTIACEAE 

Barhula  fallax  Hedw.  (Boewe,  Barrick, 
&  Hague,  1935). 

Barhula  unguiculata  Hedw.  (Boewe,  Bar¬ 
rick,  &  Hague,  1935). 

Tortella  humilis  (Hedw.)  Jenn.  (Boewe, 
Barrick,  &  Hague,  1935)  reported  as 
Tortella  caespitosa. 

GRIMMIACEAE 

Gy’immia  apocarpa  Hedw.  (Hague,  1929; 
Boewe,  Barrick,  &  Hague,  1935). 

FUNARIACEAE 

Funaria  hygometrica  Hedw.  (Boewe, 
Barrick  &  Hague,  1935). 
Physcomitrium  pyriforma  (Hedw.)  De 
Not  (Boewe,  Barrick,  &  Hague,  1935) 
reported  as  Physcomitrium  turhina- 
tum. 

BRYACEAE 

Bryum  argenteum  Hedw.  (Hague,  1929). 
MNIACEAE 

Mnium  cuspidatum  Hedw.  (Boewe,  Bar¬ 
rick,  &  Hague,  1935). 

Mnium  drummondii  Burch  &  Schimp. 

(Boewe,  Barrick,  &  Hague,  1935). 
Mnium  puncta'tum  Hedw.  (Boewe,  Bar¬ 
rick,  &  Hague,  1935). 
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Mnium  stellar e  Hedw.  (Boewe,  Barrick, 
&  Hague,  1935). 

ORTHOTRICHACEAE 

Orthotrichum  strangulatum  P.  Beauv. 
Sterling-Rock  Falls  YMCA  Camp, 
Wunderlin  C-ll  (SIU). 

FONTINALACEAE 

Fontinalis  dalecarlica  Schimp.  ex  B.  S. 
G.  (Hague,  1929). 

CLIMACIACEAE 

Climacium  americanum  Bird.  (Hague, 
1929). 

THELIACEAE 

Thelia  hirtella  (Hedw.)  Sull.  (Boewe, 
Barrick,  &  Hague,  1935). 

FABRONIACEAE 

Schwetschkeopsis  denticulate  (Sull.) 
Broth.  (Boewe,  Barrick,  &  Hague, 
1935)  reported  as  Leskea  denticulate. 

LESKEACEAE 

Leska  polycarpa  Hedw.  (Bowe,  Bar¬ 
rick,  &  Hague,  1935). 

Leskea  vitriculosus  (L.)  H.  &  T.  (Boewe, 
Barrick,  &  Hague,  1935)  the  author 
was  unable  to  locate  this  species  in 
any  taxonomic  treatment  and  it  is 
suspected  of  being  an  unlisted  syno¬ 
nym. 

Lindbergia  brachyptera  (Mitt.)  Kindb. 
(Boewe,  Barrick,  &  Hague,  1935)  re¬ 
ported  as  Leskea  austinii. 

Anomodon  attenuatus  (Hedw.)  Hub. 

(Boewe,  Barrick,  &  Hague,  1935). 
Anomodon  minor  (Hedw.)  Furnr. 

(Boewe,  Barrick,  &  Hague,  1935). 
Anomodon  rostraius  (Hedw.)  Schimp. 

(Boewe,  Barrick,  &  Hague,  1935). 
Thuidium  delicatulum  (Hedw.)  B.  S.  G. 

(Boewe,  Barrick,  &  Hague,  1935). 
Thuidium  pygmaeum  B.  S.  G.  (Boewe, 
Barrick,  &  Hague,  1935). 

AMBLYSTEGIACEAE 

Amblystegium  serpens  (Hedw.)  B.  S.  G. 

(Boewe,  Barrick,  &  Hague,  1935). 
Amblystegium  varium  (Hedw.)  Lind. 

(Boewe,  Barrick,  &  Hague,  1935). 
Campylium  liispidulum  (Brid.)  Mitt. 

(Boewe,  Barrick,  &  Hague,  1935). 
Hygroamblystegium  fluviatile  (Hedw.) 
Loeske  var.  orthocladum  ( P .  Beauv.) 
Crum,  Steere,  &  Anderson  (Hague, 
1929)  reported  as  Amblystegium  or¬ 
thocladum. 

Leptodictyum  riparium  (Hedw.)  Warnst. 
Sterling-Rock  Falls  YMCA  Camp,  Wun¬ 
derlin  0-5  (SIU). 


Leptodictyum  trichopodium  (Schultz) 
Warnst.  Sterling-Rock  Falls  YMCA 
Camp,  Wunderlin  C-27  (SIU). 
Platydictya  subtile  (Hedw.)  Crum 
(Boewe,  Barrick,  &  Hague,  1935)  re¬ 
ported  as  Amblystegium  subtilis. 

BRACHYTHECIACEAE 

Brachythecium  oxycladon  (Brid.)  Jaeg. 

(Boewe,  Barrick,  &  Hague,  1935). 
Brachythecium  salebrosum  (Web.  & 
Mohr)  B.  S.  G.  (Boewe,  Barrick,  & 
Hague,  1935)  also  reported  as  Brachy¬ 
thecium  acutum. 

Eurhynchium  pulchellum  (Hedw.)  Jenn. 
(Boewe,  Barrick,  &  Hague,  1935)  re¬ 
ported  as  Eurhynchium  strigosum. 
Rhynchostegium  serrulatum  (Hedw.) 
Jaeg.  &  Sauerb.  (Boewe,  Barrick,  & 
Hague,  1935)  reported  as  Eurhynchium 
serrulatum. 

ENTODONTACEAE 

Entodon  cladorrhizans  (Hedw.)  C.  Mull. 
(Boewe,  Barrick,  &  Hague,  1935). 

PLAGIOTHECIACEAE 

Plagiothecium  denticulatum  (Hedw.) 
B.  S.  G.  (Boewe,  Barrick,  &  Hague, 
1935). 

HYPNACEAE 

Platy gyrium  repens  (Brid.)  B.  S.  G. 
(Boewe,  Barrick,  &  Hague,  1935). 

RHYTIDIACEAE 

Rhytidium  rugosum  (Hedw.)  Kindb. 
Sterling-Rock  Falls  YMCA  Camp,  Wun¬ 
derlin  C-22  (SIU). 

POLYTRICHACEAE 

Atrichum  angustatum  (Brid.)  B.  S.  G. 
Sterling-Rock  Falls  YMCA  Camp,  Wun¬ 
derlin  C-13,  0-15  (SIU). 

Atrichum  undulatum  (Hedw.)  P.  Beauv. 
(Boewe,  Barrick,  &  Hague,  1935)  re¬ 
ported  as  Catharinea  undulata. 
Polytrichum  commune  Hedw.  Sterling- 
Rock  Falls  YMCA  Camp,  Wunderlin 
C-6  (SIU). 

Polytrichum  juniperinium  Hedw.  Sterl¬ 
ing-Rock  Falls  YMCA  Camp,  Wunder¬ 
lin  0-1 7  (SIU). 
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A  LARGE 


BISON  O  C  Cl  DEN T  A  LIS  FR  OM 


SOUTH 


DAKOTA 


EDWIN  C.  GALBREATH 

Southern  Illinois  University,  Car  bon  dale 


Abstract. — Data  and  dimensions  per¬ 
taining  to  the  horns  and  skull  are  re¬ 
corded. 


Recently,  I  had  the  privilege  of  ex¬ 
amining  the  horns  and  part  of  the  skull 
of  an  extraordinarily  large  specimen  of 
Bison  occidentals.  This  favor  was  grant¬ 
ed  to  me  by  the  vendor  of  the  specimen 
before  it  passed  into  the  hands  of  the 
purchaser. 

According  to  letters,  a  newspaper  ar¬ 
ticle,  and  interviews,  the  following  infor¬ 
mation  concerning  this  specimen  seems 
to  be  reliable.  It  was  found  in  1960  in 
the  bank  of  Spring  Creek  on  the  Noltz 
Ranch  approximately  one  mile  north 
and  five  miles  east  of  Herreid.  Campbell 
County,  South  Dakota.  The  specimen 
(Fig.  1)  is  well-preserved  and  solid. 
Other  than  missing  parts,  evidence  of 
damage  seems  to  be  limited  to  scouring 
and  abrasion  of  ridges  and  projections 
before  final  deposition  in  black  silt. 

Size  combined  with  the  upward  and 


Figure  1.— Three  views  of  the  speci¬ 
men  of  Bison  occidentals  found  north¬ 
east  of  Herreid,  South  Dakota. 


backward  sweep  of  the  horns  to  well- 
above  the  plane  of  the  frontals  and  pos¬ 
terior  to  the  plane  of  the  occipital  cer¬ 
tainly  indicates  that  this  specimen  be¬ 
longs  to  the  “occidentalis”  group.  The 
specimen  can  he  described  as  a  set  of 
unusually  large  horns  on  a  larger  than 
average  skull  of  Bison  occidentalis .  Con¬ 
sidering  the  pertinent  features  involved 
(configuration,  proportion,  actual  size, 
but  not  individual  age,  sexual  dimorph¬ 
ism,  and  geological  age  —  criteria  set 
forth  by  Skinner  and  Kaisen  in  1947), 
I  have  identified  this  specimen  as  Bison 
occidentalis. 

Were  it  not  for  the  conelike  nature  of 
the  horns  on  this  specimen  one  might 
be  misled  by  certain  dimensions  to  de¬ 
scribe  the  specimen  as  a  set  of  smaller 
(except  for  the  great  span)  than  aver¬ 
age  horns  on  a  larger  than  average  skull 
of  Bison  preoccidentalis.  I  mention  this 
possibility  because  I  think  this  speci¬ 
men  shows  that  we  are  inexorably  ap¬ 
proaching  a  dilemma  in  identification 
similar  to  that  which  exists  between 
Bison  bison  and  Bison  occidentalis. 

Dimensions  of  the  specimen  are  pre¬ 
sented  in  Table  1.  These  measurements 
were  determined  by  following,  as  close¬ 
ly  as  possible,  the  methods  for  measur¬ 
ing  bison  skulls  utilized  by  Skinner  and 
Kaisen. 
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Table  1. — Dimensions  (in  millimeters)  of  part  of  a  skull  of  Biso?i  occidental is 
from  the  vicinity  of  Herreid,  Campbell  County,  South  Dakota.  The  numbering  of 
the  items  follows  the  arrangement  used  by  Skinner  and  Kaisen;  lettered  items  are 
measurements  introduced  by  me. 


1.  Spread  of  liorn-cores,  tip  to  tip  .  925 

2.  Greatest  spread  of  cores  on  outside  curve  .  933 

3.  Core  length  on  upper  curve,  tip  to  burr  .  350 

4.  Length  of  core  on  lower  curve,  tip  to  burr  .  391 

5.  Length,  tip  of  core  to  upper  base  at  burr  .  315 

6.  Vertical  diameter  of  core  .  112 

7.  Circumference  of  core  at  base .  320 

8.  Greatest  width  of  auditory  openings  .  278  + 

9.  Width  of  condyles  .  129  + 

10.  Depth,  occipital  crest  to  top  of  foramen  magnum: 

a.  from  point  at  upper  edge  of  crest  .  126 

b.  from  point  at  lower  edge  of  crest  .  104 

11.  Depth,  occipital  crest  to  lower  border  of  foramen  magnum: 

a.  from  point  at  upper  edge  of  crest  .  168 

b.  from  point  at  lower  edge  of  crest .  146 

12.  Transverse  diameter  of  core  .  112 

13.  Width  between  bases  of  horn  cores  .  278 

a.  Width  between  burrs  of  horn  cores  at  same  point  .  336 

14.  Width  of  cranium  between  cores  and  orbits  .  317 

15.  Greatest  postorbital  width  .  358 

21.  Angle  of  posterior  divergence  of  horn-core  .  15° 

22.  Angle  of  proximal  horn-core  depression  .  25° 


THE  NETTED  CHAIN  PEHN  IN  ILLINOIS 


ROBERT  A.  EVERS  and  JERRY  A.  SNIDER 
Illinois  'Natural  History  Survey,  Urbana,  and 
University  of  North  Carolina,  Chapel  Hill 


Abstract. — The  netted  chain  fern, 
Woodwardia  aroleata  (L.)  Moore,  is  re¬ 
ported  for  the  first  time  from  Illinois. 


Until  1944,  botanists  were  unaware 
that  the  chain  ferns  grew  in  Illinois.  In 
July  of  that  year  Dr.  George  D.  Fuller 
(now  deceased)  and  Prof.  G.  Neville 
Jones  discovered  the  Virginia  chain 
fern,  Woodwardia  virginica  (L.)  Smith, 
in  a  bog  several  miles  east  of  Antioch, 
Lake  County,  Illinois.  They  collected 
specimens  (G.  N.  Jones  16512)  which 
have  been  distributed  to  a  number  of 
herbaria.  On  September  28,  1944,  Dr. 
Fuller  made  another  collection  (G.  D. 
Fuller  9703)  at  the  same  locality.  In 
1947,  Dr.  Fuller  and  the  senior  author 
visited  the  Antioch  bog  and  made  col¬ 
lections  (R.  A.  Evers  4577).  Since  1944, 
the  Virginia  chain  fern  has  been  the  only 
known  representative  of  Woodivardia  in 
Illinois. 

On  August  9,  1967,  we  visited  the  Ben¬ 
son’s  Bluff  area,  located  southeast  of 
Goreville,  Johnson  County,  Illinois,  to 
observe  the  two  stands  of  filmy  fern, 
Trichomanes  boschianum  Sturm,  that 
the  junior  author  had  previously  located. 
After  we  observed  these  stands,  we  ex¬ 
amined  more  of  the  many  sandstone 
cliffs  and  outcrops  of  these  ravines 
Much  to  our  surprise,  on  a  ledge 
of  one  of  the  cliff  faces,  we  discovered 
the  netted  chain  fern,  Woodwardia  aro¬ 
leata  (L.)  Moore,  both  sterile  and  fertile 


fronds.  The  moist,  shaded  ledge  on 
which  the  fronds  were  growing  measured 
about  1.5  meters  long  and  less  than  0.3 
meter  wide.  Wild  hydrangea,  Hydrangea 
arborescens  L.,  was  growing  nearby.  We 
collected  specimens  of  the  fern  (R.  A. 
Evers  92546;  Jerry  Snider  563)  and  de¬ 
posited  them  in  the  herbarium  of  the 
Illinois  Natural  History  Survey  (ILLS) 
and  in  other  herbaria. 

The  nearest  known  stand  of  the  net¬ 
ted  chain  fern  to  the  Johnson  County 
locality  is  the  one  discovered  by  Dr. 
Julian  A.  Steyermark,  314-3%  miles 
southeast  of  Bloomfield,  Stoddard  Coun¬ 
ty,  Missouri.  Steyermark  reported  in  his 
FLORA  OF  MISSOURI  (1963,  p.  28) 
that  the  fronds  of  this  rare  fern  in  Mis¬ 
souri  were  growing  “along  sandy  banks 

of  a  spring  branch . ”  The  Stoddard 

County  locality  is  approximately  75  miles 
(by  air)  from  the  Johnson  County  site. 
The  next  nearest  stand  is  also  in  Mis¬ 
souri,  near  Poplar  Bluff,  Butler  County, 
almost  100  miles  distant. 

Whether  this  stand  of  netted  chain 
fern  will  survive  in  the  Benson’s  Bluff 
area  in  southern  Illinois  is  very  uncer¬ 
tain.  A  super  highway  is  planned  to  tra¬ 
verse  a  part  of  this  area  and  its  con¬ 
struction  may  destroy  the  cliff  on  which 
the  fern  grows.  Further  examination  of 
the  numerous  sandstone  outcrops  in 
southern  Illinois  could  result  in  the  dis¬ 
covery  of  other  stands  of  this  rare  fern. 

Manuscript  Received  August  23,  1967 


[438  J 


ACADEMY  BUSINESS 


SECRETARY’S  REPORT  FOR  THE  YEAR — APRIL  23.  I960  - 

APRIL  28,  1907 


COUNCIL,  MEETINGS 

The  Council  held  four  meetings  during 
the  year,  as  stipulated  in  the  Constitu¬ 
tion. 

First  Council  Meeting.  —  The  first 
Council  meeting  was  held  in  the  private 
dining  room  of  the  Holiday  Inn  Motel, 
Bloomington,  on  Saturday  morning, 
April  23,  1966,  with  President  Norman 
D.  Levine  presiding.  Ten  persons  were 
present. 

Dr.  William  Cloud,  Eastern  Illinois 
University,  was  appointed  Second  Vice- 
President,  and  the  following  individuals 
were  appointed  to  serve  as  Chairmen  for 
the  committees  listed  below: 

W.  A.  Lewis,  Audit  Committee;  Her¬ 
man  Eifert,  Educational  Films  Evalu¬ 
ation;  Elnore  Stoldt,  Junior  Academy 
Representing  the  Academy;  Robert 
Evers,  Nominations;  Joan  Hunter, 
Planning;  Harold  Kaplan,  Resolu¬ 
tions;  G.  R.  Yohe,  Permanent  Central 
Office  Committee.  Other  appointments 
made  by  the  Council  were:  E.  C.  Gal- 
breatli,  Editor;  A.  R.  Wildliagen,  Pub¬ 
licity  Advisor;  Walter  B.  Hendrickson, 
Historian.  Dr.  William  C.  Ashby  was 
appointed  the  delegate  to  the  A.A.A.S. 
for  three  years,  and  Dr.  Kenneth  Har- 
met  was  appointed  the  delegate  to  the 
A.A.A.S.  Academy  Conference  for 
three  years. 

Second  Council  Meeting.  —  This  was 
held  in  the  University  Union,  University 
of  Illinois,  Urbana,  on  Saturday  morn¬ 
ing,  November  12,  1966.  Sixteen  members 
were  present. 

The  Second  Vice-President  reported 
that  the  arrangements  for  the  1967  An¬ 
nual  Meetings  were  progressing,  and 
the  Secretary  indicated  that  the  Aquatic 
Biology  Section  had  been  reactivated  for 
those  meetings. 

The  Council  passed  a  motion  to  have 
the  membership  of  a  person  dropped, 
without  a  third  billing,  if  the  annual 


dues  were  not  paid  by  the  time  of  the 
Annual  Meetings.  The  Council  voted  to 
have  a  professional  audit  made  of  the 
Academy  finances,  and  have  such  an 
audit  serve  as  the  report  of  the  Audit 
Committee. 

Dr.  C.  J.  Bennett,  Chairman  of  the 
Membership  Committee,  reported  upon 
his  progress  in  recruiting  new  members 
for  the  Academy.  The  Council  expressed 
its  thanks  for  his  stimulating  leader¬ 
ship.  The  Council  also  heard  the  report, 
given  by  Dr.  G.  R.  Yohe,  of  the  progress 
made  in  attempting  to  establish  a  per¬ 
manent,  executive  secretary  for  the 
Academy. 

Third  Council  Meeting.  —  This  was 
held  in  the  University  Union,  Eastern 
Illinois  University,  Charleston,  on  Sat¬ 
urday,  February  18,  1967.  Eighteen  mem¬ 
bers  were  present. 

President  Levine  read  to  the  Council 
a  letter  of  resignation  from  Dr.  E.  C. 
Gal  breath,  the  Academy’s  Editor.  The 
President  then  appointed  an  ad  hoc  com¬ 
mittee  of  Drs.  Yohe,  Ashby,  Shoemaker, 
and  Galbreath  to  begin  the  search  for  a 
new  editor. 

Vice-President  Cloud  reported  that  the 
facilities  for  the  60tli  Annual  Meetings 
had  been  reserved,  and  that  the  Univer¬ 
sity  would  be  able  to  supply  most  of  the 
audio-visual  equipment  requested  by  the 
section  chairmen. 

The  Secretary  reported  that  the  call- 
for-papers  had  been  mailed  to  the  mem¬ 
bers,  and  that  all  of  the  addressograph 
plates  had  been  zip  coded.  The  Treasurer 
submitted  his  report  for  1966  to  the 
Council.  The  various  committee  chair¬ 
men  who  were  present,  as  well  as  the 
section  chairmen,  presented  brief  reports 
to  the  Council. 

Fourth  Council  Meeting.  —  This  meet¬ 
ing  was  held  in  the  University  Union, 
Eastern  Illinois  University,  Charleston, 
on  Thursday  evening,  April  27,  1967,  fol- 
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lowing  a  dinner  in  the  Ballroom.  Twen¬ 
ty-two  members  were  present. 

Mr.  Thompson,  Academy  Librarian, 
reported  that  due  to  increased  publica¬ 
tion  costs,  the  amount  of  money  request¬ 
ed  for  the  next  biennium  for  the  Trans¬ 
actions  would  not  be  adequate  to  meet 
the  expenses  for  publication.  The  editor 
of  the  Transactions ,  Dr.  E.  C.  Galbreath. 
reported  that  he  was  receiving  more 
manuscript  than  could  be  published  with¬ 
in  the  limits  of  the  budget. 

The  Secretary  read  a  letter  of  resig¬ 
nation  from  Dr.  W.  B.  Hendrickson,  the 
Academy’s  Historian. 

The  Council  voted  to  increase  the 
Frank  Reed  Memorial  Fund  stipend  from 
$50  to  $75,  with  $25  of  this  amount  to  be 
contributed  by  the  Academy.  The  Council 
then  heard  the  reports  from  various 
committee  chairmen  and  section  chair¬ 
men. 

THE  60TH  ANNUAL  MEETING 

General  Meeting.  —  The  general  ses¬ 
sion  of  Friday  morning,  April  28,  1966, 
held  in  the  auditorium  of  Buzzard  Lab¬ 
oratory  School,  was  called  to  order  by 
President  N.  D.  Levine. 

Dr.  Lawrence  A.  Ringenberg,  Dean  of 
the  College  of  Letters  and  Science  at 
Eastern  Illinois  University,  gave  the  ad¬ 
dress  of  welcome.  The  presidential  ad¬ 
dress,  “The  Woes  of  a  Biologist”,  was 
followed  by  the  address,  “Mosquito- 
borne  Diseases  in  Illinois”,  given  by  Dr. 
Robert  H.  Kokernot,  Center  of  Zoonoses 
Research,  University  of  Illinois,  Ur- 
bana. 

On  Friday  evening,  in  the  University 
Union,  Dr.  Robert  W.  Jugenheimer,  Di¬ 
rector  of  A.I.D.  Projects,  University  of 
Illinois,  Urbana,  gave  the  Annual  Public 
Lecture,  “Science,  Population,  and 
Food”. 

On  Saturday  morning,  April  29,  Drs. 
Ebinger,  Thut,  and  Peterka  of  Eastern 
Illinois  University  conducted  a  botany 
and  zoology  field  trip  to  Rocky  Branch 
and  Babers  Woods. 

T echnical  Sessio?is.  —  On  Friday  after¬ 
noon,  April  28,  the  following  papers 
were  presented: 

Aquatic  Biology 

Room  101,  Life  Science  Building 

Robert  C.  Hiltibran,  Co-Chairman 
Illinois  Natural  History  Survey,  Urbana 
Robert  J.  Schoffman,  C.S.V., 
Co-Chairman 

Griffith  High  School,  Springfield 

Limnology  of  Peoria  Lake  and  the 


Middle  Ilinois  River.  B.  J.  Mathis,  Brad¬ 
ley  University,  Peoria. 

Aggregation  of  Selected  Forage  Or¬ 
ganisms  in  the  Presence  of  the  Large- 
mouth  Bass.  Richard  Vanderhorst,  South¬ 
ern  Illinois  University,  Carbondale. 

The  Effect  of  Sodium  Cyanide  on  Blue- 
gills.  Robert  C.  Hiltibran,  Illinois  Na¬ 
tural  History  Survey,  Urbana. 

Species  Diversity  of  Benthic  Macro¬ 
invertebrates  in  Mountain  Streams.  B. 
J.  Mathis,  Bradley  University,  Peoria. 

Age  and  Rate  of  Growth  of  the  White 
Crappie  in  Reelfoot  Lake,  Tennessee, 
for  1959  and  1964.  Robert  J.  Schoffman, 
C.S.V.,  Griffith  High  School,  Springfield. 

Botany 
Section  A 

Room  301,  Life  Science  Building 
John  E.  Ebinger,  Chairman 
Eastern  Illinois  University,  Charleston 

Plant  Community  Pattern  in  a  Saline 
to  Non-saline  Prairie  Complex  of  Eastern 
North  Dakota.  R.  E.  Redmann,  Univer¬ 
sity  of  Illinois,  Urbana. 

The  Peacock  Prairie  —  A  Study  of  a 
Virgin  Illinois  Mesic  Black-soil  Prairie 
Forty  Years  After  Initial  Study.  Robert 
F.  Betz  and  Marion  H.  Cole,  Illinois 
Teachers  College  North,  Chicago. 

Composition  and  Ecological  Trends  in 
the  Hart  Memorial  Woods  in  Champaign 
County,  Illinois.  Thomas  W.  Root,  Black- 
hawk  Junior  College,  Moline. 

Influence  of  Pine  Plantations  on  Na¬ 
tural  Succession  in  Southern  Illinois. 
William  R.  Boggess  and  Lester  E.  Arn¬ 
old,  University  of  Illinois,  Urbana. 

Woody  Vegetation  Survey  of  Sar¬ 
gents  Woods,  Coles  County,  Illinois. 
John  E.  Ebinger,  Eastern  Illinois  Uni¬ 
versity,  Charleston. 

The  Grass  Flora  of  Illinois.  Robert  H. 
Molilenbrock,  Southern  Illinois  Univer¬ 
sity,  Carbondale. 

Field  Identification  of  Typha  species 
and  hybrids.  Harold  Balbach,  Eastern 
Ilinois  University,  Charleston. 

Section  B 

Room  205,  Life  Science  Building 
Hiram  F.  Thut,  Presiding 
Eastern  Illinois  University,  Charleston 

A  Comparison  of  P32  Phosphate  Dis¬ 
tribution  During  Germination  in  Green- 
stripe —  1  (gsx)  Sorghum  Mutant  and 
Texas  Blackhull  Kafir.  Kenneth  H.  Har- 
met,  Northern  Illinois  University,  De- 
Kalb. 

Stacliyose  Distribution  in  Cucumber 
and  White  Ash.  Terry  M.  Weidner,  East¬ 
ern  Illinois  University,  Charleston. 
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Biological  Relationships  Between  Ne- 
matophagous  Fungi  ancl  Mycophagous 
Nematodes.  Herbert  Monoson,  Bradley 
University,  Peoria. 

Changes  in  Total  Dry  Mass  of  Onion 
Epidermal  Cell  Nuclei  as  Measured  by 
Interferometry.  W.  S.  Courtis  and  A.  J. 
Pappelis,  Southern  Illinois  University, 
Carbondale. 

Recent  Taxonomic  Research  on  the 
Compositae  in  Illinois.  R.  P.  Wunderlin, 
Southern  Illinois  University,  Carbondale. 

Coastal  Mississippi  Liverworts. 
Charles  B.  Arzeni,  Eastern  Illinois  Uni¬ 
versity,  Charleston. 

Cellulytic  Activity  of  Diplodia  zeae. 
J.  N.  BeMiller,  Diane  0.  Tegtmeier,  and 
A.  J.  Pappelis,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

CHEMISTRY 

Leland  Harris,  Chairman 
Knox  College,  Galesburg 
Section  A 

Room  402,  Science  Building 
William  J.  Probst,  Presiding 
Southern  Illinois  University, 
Edwardsville  Campus 

Isolation  and  Identification  of  Three 
Forms  of  Trehalose  from  Pullularia  pul- 
lulans.  Emanuel  Merdinger,  Roosevelt 
University,  Chicago. 

Synthesis  of  Diels-Alder  Adducts  of 
Substituted  Cinnamic  Acids  and  2,3- 
Dimethylbutadiene.  Leland  Harris,  Ar¬ 
thur  R.  Raczynski,  and  Frank  L.  Man- 
nino,  Knox  College,  Galesburg. 

The  Synthesis  of  Ribose  from  Glucose. 
Joseph  C.  Collins  and  Larry  Dale,  Illi¬ 
nois  Wesleyan  University,  Bloomington. 

A  Novel  Preparation  of  alpha  Amino- 
and  alpha  Hydroxy-  Acids.  Emil  S. 
Jason,  Southern  Illinois  University,  Ed¬ 
wardsville  Campus. 

Chromium  (VI)  Oxide-Pyridine  Com¬ 
plex  as  an  Oxidizing  Agent.  Forrest 
Frank,  Joseph  C.  Collins,  and  Wendell 
Hess,  Illinois  Wesleyan  University, 
Bloomington. 

An  Unusual  Nitration  Reaction.  Frank 
N.  Abercrombie  and  Albert  L.  Caskey, 
Southern  Illinois  University,  Carbon¬ 
dale. 

Solubility  Products  of  Metal-Organic 
Precipitates  Determined  from  Tyndall 
Effect  End-Point  Detection.  R.  Barry 
Dodson  and  R.  E.  Van  Atta,  Southern 
Illinois  University,  Carbondale. 

An  Evaluation  of  a  Gradient-Loaded 
Preparative  Gas  Chromatographic  Col¬ 
umn.  Robert  C.  Duty,  Illinois  State  Uni¬ 
versity,  Normal. 


A  Relatively  Inexpensive  Automatic- 
Recording  Coulometric  Titrimeter.  Vic¬ 
tor  J.  Linnenbom,  Jr.,  David  R.  Lewis, 
and  R.  E.  Van  Atta,  Southern  Illinois 
University,  Carbondale. 

Section  B 

Room  305,  Science  Building 
David  G.  Rands,  Presiding 
Southern  Illinois  University, 
Edwardsville  Campus 

Dissymmetric  Photo-catalysis  of  En¬ 
zymatic  Starch  Hydrolysis  with  Circu¬ 
larly  Polarized  Light.  Giles  Henderson 
and  Michael  Daly,  Eastern  Illinois  Uni¬ 
versity,  Charleston. 

An  Experiment  in  Practical  Polarog- 
raphy-Determination  of  Zinc  and  Man¬ 
ganese  in  Dowmetals.  David  M.  Cole¬ 
man  and  Robert  E.  Van  Atta,  Southern 
Illinois  University,  Carbondale. 

Ionization  Constants  in  50%  Methanol 
by  Spectrophotometric  Measurements. 
David  G.  Rands,  John  E.  Lauck,  William 
J.  Probst,  and  Walter  L.  Reyland,  South¬ 
ern  Illinois  University,  Edwardsville 
Campus. 

The  Determination  of  Density  Using 
a  Modified  Westphal  Balance.  R.  Sapp, 
B.  Musulin,  and  K.  A.  Van  Lente,  South¬ 
ern  Illinois  University,  Carbondale. 

A  Simple  Multi-Purpose  Calorimeter 
for  Physical  Chemistry  and  Student  Re¬ 
search.  Robert  D.  Stallard,  Southern 
Illinois  University,  Edwardsville 
Campus. 

Relationships  Between  Methods  of  Ex¬ 
pressing  Concentrations  of  Solutions. 
Vincent  J.  Sawinski,  Loyola  University, 
Chicago. 

Interrelated  Coenzyme  Dependent  Sal¬ 
ivary  Enzymes.  Sister  M.  Emeran  Foley, 
Marcille  Pasdertz,  and  Dorothy  Ritter, 
College  of  St.  Francis,  Joliet. 

A  Phase  Study  of  the  Systems  Hydra¬ 
zine  Hydrochloride-Ethanol-Water  and 
Hydrazine  Hydrochloride -Ethanol -Deu¬ 
terium  Oxide.  Ralph  L.  Bain,  South¬ 
ern  Illinois  University,  Edwardsville 
Campus. 

Terdentate  Ligands  Utilizing  Three 
Different  Donor  Atoms.  Thomas  A.  Don¬ 
ovan  and  Peter  B.  Kirkpatrick,  Knox 
College,  Galesburg. 

CONSERVATION 

Room  213,  Life  Science  Building 
Stanley  L.  Etter,  Chairman 
Illinois  Natural  History  Survey,  Urbana 

Preliminary  Findings  on  the  Effects 
of  a  Pesticide  on  the  Fauna  of  a  Hay- 
field.  Richard  R.  Graber,  William  R. 
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Edwards,  and  Ronald  Rehling,  Illinois 
Natural  History  Survey,  Urbana. 

Changes  in  Bird  Populations  with  the 
Redevelopment  of  Vegetation  on  Strip- 
mined  Land.  James  R.  Karr,  University 
of  Illinois,  Urbana. 

Conservation  of  Our  Mammalian  Re¬ 
sources.  Donald  F.  Hoffmeister,  Uni¬ 
versity  of  Illinois,  Urbana. 

Variation  in  Some  Characteristics  of 
Prarie  Chicken  Eggs.  Keith  Anderson 
and  Hurst  H.  Shoemaker,  University  of 
Illinois,  Urbana. 

Factors  Adversely  Affecting  the  Forest 
Communities  in  the  Wabash  River 
Basin.  Richard  H.  Thom,  Department 
of  Conservation,  Olney. 

Problems  in  Raising  Prairie  Chickens 
for  Experimental  Releases.  Hurst  H. 
Shoemaker,  University  of  Illinois.  Ur¬ 
bana. 

A  Bacterial  Pollution  Study  on  a  Por¬ 
tion  of  the  Middle  Illinois  River.  Robert 
P.  Dunn,  Bradley  University,  Peoria. 

GEOGRAPHY 

Room  216,  Science  Building 
Mary  Jo  Read,  Chairman 
Eastern  Illinois  University,  Charleston 

El  Loophole:  The  Movement  of  Mex¬ 
ican  Petroleum  Through  Brownsville, 
Texas.  C.  Daniel  Dillman,  Northern  Illi¬ 
nois  University,  DeKalb. 

Tunisian  Contracts.  Edward  Ham¬ 
ming,  Augustana  College,  Rock  Island. 

Remote  Sensing  of  Selected  Urban 
Phenomena.  Barry  S.  Wellar  and  Eric 
G.  Moore,  Northwestern  University, 
Evanston. 

Map  Libraries  in  the  Chicago  Metro- 
plitan  Area.  Robert  L.  Koepke,  South¬ 
ern  Illinois  University,  Edwardsville 
Campus. 

Soil  Regions  and  the  7th  Approxima¬ 
tion  in  Illinois.  Paul  W.  Mausel,  East¬ 
ern  Illinois  University,  Charleston. 

Southern  Porter  County,  Indiana:  An 
Agricultural  Area  Under  Urban-Indus¬ 
trial  Impact.  David  M.  Solzman,  Uni¬ 
versity  of  Illinois,  Chicago  Circle. 

The  Cimarron  National  Grassland:  A 
Case  Study  in  the  Resource  Use  of  Sub¬ 
marginal  Land.  B.  Ross  Guest,  Northern 
Illinois  University,  DeKalb. 

Availability  and  Use  of  Medical  Facil¬ 
ities  in  a  Small  Community — A  Geo¬ 
graphical  Problem.  Roger  Pearson,  Uni¬ 
versity  of  Illinois,  Urbana. 


GEOLOGY 

Room  315,  Science  Building 

Dewey  H.  Amos,  Chairman 
Eastern  Illinois  University,  Charleston 

Hypothesis  for  the  Evolution  of  Moun¬ 
tain-flank  Structure  of  Block  Mountains. 
Don  L.  Sawatzky,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

Upper  Ordovician  Rock  Units  in 
North-central  Kentucky  Related  to  Units 
in  Southwest  Ohio  and  the  Central  Blue- 
grass  Area.  John  P.  Ford,  Eastern  Illi¬ 
nois  University,  Charleston. 

Paleogeographic  Interpretation  from 
Channel  Sandstone  Systems.  S.  A. 
Friedman,  Indiana  Geological  Survey, 
Bloomington,  Indiana. 

An  Occurrence  of  Hexagonaria  sp.  aff. 
H.  coalita  (Rominger)  in  the  St.  Lau¬ 
rent  Formation  (Middle  Devonian)  of 
Southeastern  Missouri.  George  H.  Fraun- 
felter,  Southern  Illinois  University,  Car¬ 
bondale. 

A  Computer  Method  for  Converting 
oriented  Geologic  Data  to  radial  Meas¬ 
ure  in  a  Spherical  Coordinate  System. 
Frederick  N.  Murray,  Illinois  State  Geo¬ 
logical  Survey,  Urbana. 

Environment  of  Deposition  of  Part  of 
the  Carbondale  Formation  (Middle  Penn- 
sylvaniaian)  of  Williamson  County,  Illi¬ 
nois.  Fred  H.  Wetendorf,  Southern  Illi¬ 
nois  University,  Carbondale. 

Paleoecology  of  Part  of  the  Carbon¬ 
dale  Formation  (Middle  Pennsylvanian) 
of  Williamson  County,  Illinois.  Terry 
J.  Givens,  Southern  Illinois  University, 
Carbondale. 

Meteorology  and  Climatology 

Room  118,  Science  Building 
James  F.  Lahey,  Chairman 
Northern  Illinois  University,  DeKalb 

Langmuir  Vortices.  Ronald  Stewart, 
Northern  Illinois  University,  DeKalb. 

The  LaPorte  Weather  Anomally — Fact 
or  Fiction?  Stanley  A.  Changnon,  Jr., 
Illinois  State  Water  Survey,  Urbana. 

Rainfall  Variability  Relations  on 
Small  Areas.  W.  L.  Shipp,  Illinois  State 
Water  Survey,  Urbana. 

A  Comparison  of  Raindrop  Size  Spec¬ 
tra  Between  Miami,  Florida,  and  Cor¬ 
vallis,  Oregon.  Robert  Cataneo,  Illinois 
State  Water  Survey,  Urbana. 

A  Climatology  of  Hemispheric  Surface 
Pressure  Fields  Associated  with  Certain 
Types  of  September  Maximum  Temper¬ 
ature  Declines  in  Northern  Illinois.  Elias 
Johnson  and  James  F.  Lahey,  Northern 
Illinois  University,  DeKalb. 
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Microbiology 

Room  203,  Life  Science  Building 
Dan  O.  McClary,  Chairman 
Southern  Illinois  University,  Carbondale 

Cell  Division  in  a  Filamentous  Escher¬ 
ichia  coli.  George  J.  Zivtins  and  Harold 
W.  Bretz,  Illinois  Institute  of  Technol¬ 
ogy,  Chicago. 

Pigment  Fraction  Separation  and  Elu¬ 
cidation  with  a  Serratia  mancescens 
strain.  T.  E.  Worthy  and  D.  L.  Lynch, 
Northern  Illinois  University,  DeKalb. 

The  Use  of  Polyacrylamide  Gel  Elec¬ 
trophoresis  in  the  Identification  of  Xan- 
thomonas  fragariae  Kennedy  and  King. 
H.  S.  Gill,  M.  N.  Khare,  and  Dwight 
Powell,  University  of  Illinois,  Urbana. 

COo-fixation  by  Extracts  of  Desulfo- 
vibrio  desulfuricans  and  D.  gigas.  Julius 
L.  Heinis,  Quincy  College,  Quincy. 

The  Isolation  of  Actinomycetes  from 
Soils.  J.  Speer  and  D.  L.  Lynch,  North¬ 
ern  Illinois  University,  DeKalb. 

Nannizzia  incurvata,  Stockdale,  1961, 
The  Perfect  State  of  Microsporum  gyp- 
seum,  Isolated  from  Soil  Samples.  Har- 
ish  L.  Shah  and  Harry  E.  Rhoades,  Uni¬ 
versity  of  Illinois,  Urbana. 

The  Fungitoxicity  of  Thiram,  Captan, 
and  Chemigro  2635  in  Relation  to  Or¬ 
ganic  Matter  and  Clay  Content  of  Soil. 
O.  N.  Nesheim  and  M.  B.  Linn,  Uni¬ 
versity  of  Illinois,  Urbana. 

“Core  Rot”  of  Delicious  Apples.  M. 
N.  Khare  and  Dwight  Powell,  University 
of  Illinois,  Urbana. 

Biochemical  Phytovirology :  Alkaloid 
Production  in  Healthy  and  Ampelamus- 
virus  Infected  Periwinkle,  Vinca  rosea 
L.  H.  H.  Thornberry,  Mary  Ruth  Thomp¬ 
son,  and  Ruthanne  Miller,  University  of 
Illinois,  Urbana  and  Eli  Lilly  and  Com¬ 
pany,  Indianapolis,  Indiana. 

Ultrastructure  of  Corn  Leaf  Tissue  In¬ 
fected  with  Maize  Dwarf  Mosaic  Virus. 
Mary  Ruth  Thompson  and  H.  H.  Thorn- 
berry,  University  of  Illinois,  Urbana. 

Corn  Viral  Diseases  in  Illinois:  Maize 
Dwarf  Mosaic  and  Other  Disorders  in 
1966.  H.  H.  Thornberry  and  A.  B.  Shaw- 
kat,  University  of  Illinois,  Urbana. 

Electron  Microscopy  of  a  TCA  Mutant 
of  Saccharomyces.  D.  O.  McClary,  W. 
D.  Bowers,  Jr.,  and  M.  Ogur,  Southern 
Illinois  University,  Carbondale. 

Cyanide  Inhibition  of  Respiration  in 
Resting  Cells  of  Candida  albicans.  Paul 
D.  Watkins  and  Dan  O.  McClary,  South¬ 
ern  Illinois  University,  Carbondale. 

Lysine  Metabolism  in  a  Cell-free  Sys¬ 
tem  from  Saccharomyces.  R.  Fjellstedt, 


M.  Piediscalzi,  and  M.  Ogur,  Southern 
Illinois  University,  Carbondale. 

The  Effect  of  Composition  of  Media 
on  Pigment  Production  in  a  Strain  of 
Serratia  marcescens.  T.  E.  Worthy,  D. 
L.  Lynch,  and  J.  Poat,  Northern  Illinois 
University,  DeKalb.  Read  by  Title. 

PHYSICS 

Room  202,  Science  Building 
H.  John  Sathoff,  Chairman 
Bradley  University,  Peoria 

Dr.  K.  Loomis,  Discoverer  and  In¬ 
ventor  of  Radio  (Last  of  a  series  of 
papers  on  the  subject).  Otis  B.  Young, 
Southern  Illinois  University,  Carbon- 
dale. 

A  New  Method  of  Understanding  the 
Concepts  of  Energy.  Leo  Seren,  North 
Central  College,  Naperville. 

Resolving  Power  of  a  Zone  Plate. 
Daniel  J.  Stigliani,  Jr.,  Raj  Mittra,  and 
Richard  G.  Semonin,  Illinois  State  Wa¬ 
ter  Survey,  Urbana. 

Elastic  Constants  of  Single  Crystals 
of  Silver  Alloys.  Edwin  A.  Whalin,  Jr., 
Eastern  Illinois  University,  Charleston. 

The  Construction  of  a  Solid  State 
Plasma  Source  for  Wave  Propagation 
Studies.  Steven  G.  Sanders,  South¬ 
ern  Illinois  University,  Edwardsville 
Campus. 

The  Choral  Effect:  Application  in 
Acoustic  Design.  Howard  C.  Roberts, 
University  of  Illinois,  Urbana. 

Study  of  Elementary  and  Fundamental 
Particles  of  Low  Energy  Accelerated  in 
the  HILAC.  Otis  B.  Young,  Southern 
Illinois  University,  Carbondale. 

Analysis  of  Electric  Networks  by  In¬ 
spection.  J.  J.  Hupert  and  M.  Narcow¬ 
ick,  DePaul  University,  Chicago. 

The  Structure  and  Ordering  of  the 
Phase  Fe2Al5.  Lionel  K.  Walford,  South¬ 
ern  Illinois  University,  Edwardsville 
Campus. 

Mossbauer  Spectroscopy  in  Equi- 
atomic  Ternary  Systems  With  the  F2P — 
Type  Structure.  R.  H.  Hannon  and  C. 
W.  Kimball,  Northern  Illinois  Univers¬ 
ity,  DeKalb,  and  A.  E.  Dwight,  Argonne 
National  Laboratory,  Argonne. 

Recent  Sea  Animal  Research.  William 
C.  Shaw,  Southern  Illinois  University, 
Edwardsville  Campus. 

Gamma-ray  Decay  Scheme  of  Xe-127. 
H.  John  Sathoff,  Bradley  University, 
Peoria,  and  G.  T.  Wood,  Argonne  Na¬ 
tional  Laboratory,  Argonne. 
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Science  Teaching 
Section  A 

Room  226,  Life  Science  Annex 
Harold  R.  Hungerford,  Co-Chairman 
Southern  Illinois  University,  Carbondale 

Keynote  Address:  Beyond  the  Four 
Walls.  .  .  Confronting  an  Educational 
Imperative.  Thomas  J.  Rillo,  Southern 
Illinois  University,  Carbondale. 

Science  Education  Outdoors  .  .  .  An 
Area  for  Exploration.  Robert  M. 
Christie,  Northern  Illinois  University, 
DeKalb. 

Problem  Solving  in  Outdoor  Science. 
Clifford  E.  Knapp,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

Techniques  for  Promoting  Creativity 
and  Original  Thinking  in  Science.  John 
R.  Carlock  and  Harold  A.  Moore,  Illinois 
State  University,  Normal. 

An  Observation/Participation  Program 
in  High  School  Biology  for  Pre-Service 
Teacher  Education.  Carl  W.  Bollwinkel 
and  Harold  R.  Hungerford,  Southern 
Illinois  University,  Carbondale. 

Section  B 

Room  228,  Life  Science  Annex 
Audrey  N.  Tomera,  Co-Chairman 
West  Junior  High  School,  Kankakee 

Increasing  Teacher-Student  Contact  in 
the  Chemistry  Class  by  Using  Filmed 
Lecture-Demonstrations.  James  N.  Cum¬ 
mins,  Southern  Illinois  University,  Car¬ 
bondale.  Read  by  Title. 

Local  Effects  of  the  New  ACS  Cur¬ 
riculum.  Boris  Musulin  and  Slielba  Jean 
Choate  Musulin,  Southern  Illinois  Uni¬ 
versity,  Carbondale. 

A  Concurrent  Map  Program  in  World 
Geography.  Kermit  M.  Laidig,  Illinois 
State  University,  Normal. 

The  Isolation,  Culture,  and  Measure¬ 
ment  of  Helisoma  trivolvis  Embryos. 
Howard  T.  Davis,  McLean  County  Unit 
District  5,  Normal. 

Basic  Research  .  .  .  High  School 

Style.  Samuel  E.  Slagel,  Southern  Ed¬ 
ucational  Service,  Carbondale. 

ZOOLOGY 
Section  A 

Room  201,  Life  Science  Building 
Frederic  A.  Giere,  Chairman 

Lake  Forest  College,  Lake  Forest 

Weights  of  Component  Parts  of  the 
Incubating  Egg  of  the  Japanese  Quail 
( Coturnix  coturnix  japonica) .  Florence 
M.  Foote,  Southern  Illinois  University, 
Carbondale. 

The  Relation  Between  Development  of 
Social  Hierarchies  and  Plasma  Corti¬ 


costerone  Levels  in  Mice.  Charles  D. 
Louch  and  M.  Ann  Albers,  Lake  Forest 
College,  Lake  Forest. 

Ontogeny  of  Glancing  Behaviour  in 
Etroplus  maculatus  (Family  Cichlidae). 
Ronald  L.  Sloan,  Illinois  State  Univers¬ 
ity,  Normal. 

An  Analysis  of  the  Motor  Patterns 
Involved  in  the  Young  to  Parent  Contact 
of  the  Cichlid  Fish,  Etroplus  maculatus. 
Carl  Quertermus  and  Jack  A.  Ward,  Illi¬ 
nois  State  University,  Normal. 

Water  Requirements  of  Reptilian 
Eggs.  Richard  B.  Parker,  Southern  Illi¬ 
nois  University,  Edwardsville  Campus. 

Binding  of  Chorionic  Gonadotropin  in 
Blood.  J.  Charles  Eldridge  and  E.  A. 
Hess,  Northern  Illinois  University,  De- 
Kalb. 

An  Analysis  of  Parental  Recognition 
by  the  Young  of  a  Cichlid  Fish  ( Etro¬ 
plus  maculatus) .  James  E.  Cole,  Illinois 
State  University,  Normal. 

An  Amoeba  Isolated  From  the  Latex 
of  Euphorbia  marginata  Pursli.  Ralph 
Troll,  Augustana  College,  Rock  Island. 

Effects  of  Hibernation  and  Cold  Ex¬ 
posure  Upon  the  Submaxillary  Gland  of 
the  Golden  Hamster.  Jim  N.  Tone,  Illi¬ 
nois  State  University,  Normal. 

Preliminary  Remarks  on  “Death- 
Feigning”  Behavior  in  the  Eastern  Hog- 
nose  Snake,  Heterodon  platyrhinos.  Ed¬ 
ward  A.  Munyer,  Illinois  State  Museum. 
Springfield. 

Section  B 

Room  103,  Life  Science  Building 
Lester  C.  Shell,  Presiding 
Millikin  University,  Decatur 

Loss  of  Chromosomes  and  Nondis- 
juction  Induced  by  Caffeine  in  Drosop¬ 
hila.  Jeanne  E.  Mittler,  Arlene  M. 
Tonetti,  Sally  L.  Ownes,  and  Sidney 
Mittler,  Northern  Illinois  University, 
DeKalb. 

ATP  and  Radiation  Induced  Chromo¬ 
some  Aberrations  in  Drosophila.  Mar¬ 
garet  M.  Walsh  and  Sidney  Mittler, 
Northern  Illinois  University,  DeKalb. 

Serological  Studies  with  the  Domestic 
Rabbit.  II.  Acrylamide  gel  Electrophor¬ 
esis  Patterns  of  Serum  Proteins.  Brian 
Grimwood  and  Jack  Bennett,  Northern 
Illinois  University,  DeKalb. 

Anatomical  Studies  of  the  Digestive 
System  of  the  Fresh-Water  Isopod, 
Asellus  intermedius  Forbes.  Dennis  G. 
Emery,  Illinois  State  University,  Nor¬ 
mal. 

Incubation  of  Avia  Eggs.  II.  Gaseous 
Exchange  Membranes.  Eugene  K.  Braun 
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and  Jack  Bennett,  Northern  Illinois 
University,  DeKalb. 

The  Effects  of  a  Partially  Purified 
Thymus  Extract  on  Lymphopoiesis.  Del- 
mar  J.  Gillespie,  Northern  Illinois  Uni¬ 
versity,  DeKalb. 

Further  Studies  of  the  Effect  of  Medi¬ 
cation  on  Respiration  Patterns  of  Tran- 
quilized  White  Mice.  Lester  C.  Shell, 
Judith  A.  Burdick,  and  Kenneth  Wilson, 
Millikin  University,  Decatur. 

Effects  of  Multiple  Medication  on 
Hemoglobin  Content  in  Tranquilized 
White  Mice.  Lester  C.  Shell,  Robert 
Highsmith,  and  Harold  Miller,  Millikin 
University,  Decatur. 

Behavioral  Genetics  of  Drosophila 
melanogaster.  II.  Selection  for  DDT 
Discrimination.  Jack  Bennett  and  Ron¬ 
ald  Capek,  Northern  Illinois  University, 
DeKalb. 

Effects  of  Multiple  Medication  on  Ox¬ 
ygen  Consumption  of  Tranquilized  White 
Mice.  Lester  C.  Shell,  Judith  A.  Burdick, 
Kennth  Wilson,  and  Beverly  Emerich, 
Millikin  University,  Decatur. 

THE  ANNUAL  BUSINESS  MEETING 

The  Business  Meeting  was  called  to 
order  at  5:00  P.M.,  April  28,  1967,  in 
the  auditorium  of  Buzzard  Laboratory 
School,  Eastern  Illinois  University, 
Charleston,  by  President  Norman  D.  Le¬ 
vine.  Approximately  40  members  were 
present. 

Reports  of  Officers.  —  Secretary  Li- 
berta  reported  to  the  members  that  the 
Council  wished  to  recommend  to  the 
members  that  a  committee  be  established 
to  investigate  the  possibility  of  obtain¬ 
ing  funds  to  continue  the  Visiting  Lec¬ 
ture  Program  that  was  being  abandoned 
by  the  National  Science  Foundation.  A 
motion  was  made  and  passed  to  have  the 
Council  appoint  such  a  committee. 

The  Treasurer,  Dr.  W.  C.  Ashby,  dis¬ 
tributed  copies  of  his  report  for  fiscal 
1966,  published  herewith,  and  a  motion 
was  made  and  passed  to  accept  his  re¬ 
port. 

Reports  of  Standing  Committees :  — 
Dr.  R.  J.  Miller,  Chairman  of  the  Re¬ 
search  Grants  Committee  recommended 
that  the  following  grants  be  awarded: 

Dr.  L.  V.  Olah — $250.00.  Southern  Illi¬ 
nois  University.  Equipment  for  cy- 
tological  and  chromatographic  in¬ 
vestigations  in  Dodecatheon  and  Al¬ 
lium. 

Dr.  A.  D.  Bond — $100.00.  Illinois  State 
University.  Animals  and  supplies 


for  a  study  of  abnormal  sulfur  me¬ 
tabolism  in  genetically  dystrophic 
mice. 

Mr.  Neil  A.  Miller — $350,000.  Southern 
Illinois  University.  Equipment  for 
a  study  of  the  effects  of  plant  trans¬ 
piration  retardants  on  transpiration, 
leaf  temperature,  stomatal  behav¬ 
ior,  and  osmotic  pressure. 

Mr.  Eugene  T.  Estes  —  $200.00  Mt. 
Vernon  Community  College.  Labor 
and  supplies  for  dendrochronolog- 
ical  studies  in  the  Central  Missis¬ 
sippi  Valley. 

Mr.  Norman  D.  Schmidt — $105.00.  Illi¬ 
nois  State  University.  Traps  and 
supplies  for  a  study  of  population 
dynamics  and  movements  in  two 
sympatric  species  of  microtus  in  iso¬ 
lated  habitats. 

Mr.  Richard  G.  Rawlins— $30.00.  Joliet 
Township  High  School.  Equipment 
for  the  determination  of  bacterial 
respiratory  rates  through  open  end 
monometrics. 

Mr.  Kent  A.  Schneider— $115.00.  Knox 
College,  Galesburg.  Land  lease  for 
archeological  excavations  at  Haw 
Creek  Site. 

Dr.  Darrel  L.  Lynch — $200.00.  North¬ 
ern  Illinois  University.  Labeled  iso¬ 
topes  for  a  study  of  the  metabolic 
pathways  in  the  actinoplanoceae. 

A  motion  was  made  and  passed  to  ap¬ 
prove  the  grants. 

Reports  of  Special  Committees: — The 
Nominations  Committee  presented  its 
slate  of  officers  to  the  members,  and 
these  were  elected  by  a  unanimous  vote. 
A  list  of  the  officers,  standing  committee 
personal,  and  section  chairmen  for  1967. 
1968,  is  included  herewith. 

The  Chairman  of  the  Planning  Com¬ 
mittee,  Miss  Joan  Hunter,  introduced 
the  proposed  constitutional  amendments 
to  the  members  present  for  a  vote.  The 
results  of  the  voting  were  as  follows: 

The  proposed  re-writing  of  Article  III 
of  the  Constitution  was  referred  back 
to  the  Planning  Committee. 

Article  IV  was  revised  as  follows: 
omit  “and”  after  Secretary,  and  add 
after  Treasurer  “and  an  Editor”. 

Article  V  was  revised  as  follows:  add 
after  Librarian  “Editor”  and  change 
General  Chairman  of  the  Junior  Acad¬ 
emy  to  “President  of  the  Junior  Acad¬ 
emy”. 

Article  VIII  was  revised  as  follows: 
“In  order  to  foster  science  among  youth, 
the  Academy  commits  itself  to  cooper¬ 
ate  with  the  Junior  Academy  in  any  way 
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that  the  Executive  Councils  of  the  Acad¬ 
emy  and  Junior  Academy  find  feasible.” 

Article  X  was  revised  as  follows:  de¬ 
lete  “and”  after  Secretary  and  add  after 
Editor  “and  Treasurer”. 

Article  II,  Section  3  of  the  By-laws 
was  revised  as  follows:  delete  “and  a 
representative  of  the  Junior  Academy”. 

A  proposed  new  Article  V  of  the  By¬ 
laws  dealing  with  membership  and  dues 
was  referred  back  to  the  Planning  Com¬ 
mittee. 

Dr.  Harold  M.  Kaplan,  Chairman  of 
the  Resolutions  Committee,  submitted 
the  following  resolutions;  all  were  ap¬ 
proved  by  the  Academy: 

1.  APPRECIATION  TO  THE  HOST- 
Whereas  many  members  of  the  Ad¬ 
ministration,  Faculty  and  Staff  of 
the  Eastern  Illinois  University  have 
been  responsible  for  the  arrange¬ 
ments  essential  to  the  Sixtieth  An¬ 
nual  Meeting  of  the  Illinois  State 
Academy  of  Science,  Be  it  resolved 
that  the  Academy  express  its  grati¬ 
tude  to  all  who  have  participated  in 
any  way  in  arranging  this  Annual 
Meeting,  and  especially  to: 

Dr.  Quincy  Doudna,  President  of  the 
University; 

Dr.  William  Cloud,  Second  Vice  Pres- 
sident  of  the  Academy,  in  charge 
of  local  arrangements. 

Be  it  further  resolved  that  the  Sec¬ 
retary  be  directed  to  send  copies  of 
this  resolution  to  those  specifically 
named. 

2.  APPRECIATION  OF  SERVICE  — 
Whereas  responsibility  has  been  ac¬ 
cepted  by  Dr.  Harry  E.  Peterka,  of 
the  Department  of  Zoology  and  Drs. 
John  Ebinger  and  Hiram  Thut  of 
the  Department  of  Botany  of  Eastern 
Illinois  University,  for  arranging  the 
Botany  and  Zoology  Field  Trip, 
which  constitutes  a  significant  por¬ 
tion  of  the  program  for  the  Sixtieth 
Annual  Meeting  of  the  Academy,  Be 
it  resolved  that  the  Academy  express 
its  thanks  to  these  individuals  for 
organizing  and  conducting  the  Field 
Trip,  and  Be  it  further  resolved  that 
the  Secretary  be  directed  to  send  a 
copy  of  this  resolution  to  those  spe¬ 
cifically  named. 

3.  APPRECIATION  OF  SERVICE 
Whereas  Dr.  Edwin  C.  Galbreath  has 
served  the  Academy  in  a  most  dili¬ 
gent  and  highly  productive  manner 
for  five  years  as  Editor  of  the  Trans¬ 


actions  of  the  Illinois  State  Academy 
of  Science,  Be  it  resolved  that  the 
members  of  the  Academy  express 
their  appreciation  for  his  service, 
and  Be  it  further  resolved  that  the 
President  be  directed  to  send  him  a 
letter  of  commendation,  and  Be  it 
further  resolved  that  the  Secretary 
send  copies  of  this  resolution  and  the 
letter  of  commendation  to  President 
Delyte  W.  Morris  and  Dean  Roger 
Beyler  of  Southern  Illinois  Univers¬ 
ity. 

4.  RECOMMENDATION  FOR  IM¬ 
PROVEMENT  OF  JUNIOR  COL¬ 
LEGE  INSTRUCTION — Whereas  the 
newly  established  Illinois  Junior  Col¬ 
lege  Board  has  established  and  pub¬ 
lished  “Standards  and  Criteria  for 
the  Evaluation  and  Recognition  of 
the  Illinois  Public  Junior  Colleges”, 
and  Whereas  this  document  has  em¬ 
phasized  the  need  for  competence  in 
special  fields  of  instruction,  and 
Whereas  the  Board  has  in  this  docu¬ 
ment,  and  in  other  action,  dispensed 
with  the  inadequate  pre-existing  sys¬ 
tem  of  state  certification  of  junior 
college  faculty,  and  Whereas  the  Illi¬ 
nois  State  Academy  of  Science  has 
as  one  of  its  goals  the  improvement 
of  the  professional  quality  of  junior 
college  instruction,  Be  it  therefore 
resolved  that  the  Academy  commend 
the  Illinois  Junior  College  Board  for 
its  action,  and  Be  it  further  resolved 
that  the  Secretary  be  directed  to 
send  a  copy  of  this  resolution  to  Dr. 
Gerald  Smith,  Executive  Secretary 
of  the  Illinois  Junior  College  Board. 

5.  USE  OF  LIVE  ANIMALS  IN  ILLI¬ 
NOIS  PUBLIC  SCHOOLS — Whereas 
the  membership  of  the  Illinois  State 
Academy  of  Science  recognizes  and 
affirms  the  value  of  proper  use  of  lab¬ 
oratory  animals  in  classroom  instruc¬ 
tion,  and  Whereas  such  intelligent 
use  of  animals  leads  to  a  more  vivid 
appreciation  of  the  life  sciences,  and 
to  more  respect  for  animal  life,  and 
Whereas  proper  care  of  animals 
would  be  one  of  the  lasting  benefits 
to  be  gained  from  the  use  of  animals, 
and  Whereas  the  Illinois  School  Code 
prohibits  the  use  of  live  animals  for 
study  and  demonstration  in  our  pub¬ 
lic  schools,  therefore,  Be  it  resolved 
that  the  Illinois  State  Academy  of 
Science  reaffirms  its  stand  favoring 
an  amendment  of  the  Illinois  School 
Code  to  delete  those  sections  prohib- 
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iting  the  use  of  live  animals  in  the 
classroom  and  preventing  teachers 
by  that  prohibition  from  giving  the 
best  possible  instruction  to  their  stu¬ 
dents,  and  Be  it  resolved  that  when 
and  if  action  is  taken  by  responsible 
groups  in  Illinois  to  sponsor  legisla¬ 
tion  thus  amending  the  School  Code, 
the  Illinois  State  Academy  of  Science 
should  encourage  its  membership  to 
take  appropriate  measures  to  favor 
the  passage  of  such  legislation,  to 
strongly  urge  its  membership  to  be¬ 
come  active  in  their  respective  dis¬ 
tricts,  and  to  cooperate  with  other 
informed  individuals  in  making  their 
convictions  known  to  the  legislature 
in  support  of  positive  legislation. 

6.  REGULATION  OF  AIR  AND  WA¬ 
TER  POLLUTION  —  Whereas  the 
present  trend  toward  an  increase  in 
air  and  water  pollution  presents  a 
threat  to  human  welfare,  and  Where¬ 
as  Governor  Otto  Kerner  has  ex¬ 


pressed  his  concern  about  environ¬ 
mental  pollution  in  his  address  to 
the  current  legislature,  and  has  urged 
that  legislation  be  enacted  for  en¬ 
vironmental  pollution  control,  Be  it 
resolved  that  the  academy  commend 
the  Governor  for  his  efforts,  and  Be 
it  further  resolved  that  the  Secretary 
send  a  copy  of  this  resolution  to 
Governor  Kerner. 

7.  NECROLOGY — Whereas  during  the 
past  year  the  Academy  has  lost  by 
death  Nathan  R.  Austin,  H.  F.  Fruth, 
John  A.  Harrison,  Murray  M.  Hoff¬ 
man,  Charles  F.  Hottes,  J.  E.  Kearns, 
Madrigal  M.  McKeever,  William  B. 
Philip,  Thomas  A.  Read,  Arthur  Wal¬ 
ton,  and  Arthur  W.  Watterson,  Be  it 
resolved  that  the  Academy  give  ex¬ 
pression  to  its  sorrow  for  the  de¬ 
ceased  members  by  rising  for  a  mo¬ 
ment  of  silence. 

Anthony  E.  Liberta 
Secretary 
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TREASURER’S  REPORT  JANUARY  1- DECEMBER  31,  1966 


Receipts  and  Disbursements 


Receipts  Jan.  1-Dec.  31,  1966 


Dues . 

Regular . 1966  3  1,705.00 

1967  2,699.00 

Student . 1966  108.00 

1967  100.00 

Emeritus . 1967  24.00 

Sustaining . 1967  50.00 

Life .  200.00 


Library  subscriptions . 

AAAS  research  grant  reimbursement. 
Interest — U.  S.  Bonds  and  Notes. .  .  . 
Interest— Savings  and  Loan  accounts 

Annual  meeting  registration  fees . 

Miscellaneous . 

Sale  of  publications . 

Disbursements  Jan.  1-Dec.  31,  1966 . 

Council . 

Editor’s  Office . 

Frank  H.  Reed  Memorial  Prize . 

Honoraria . 

Junior  Academy  of  Science . 

Librarian . 

Membership  Committee . 

Miscellaneous . 

Research  Grants . 

Secretary’s  Office . 

Treasurer’s  Office . 

Net  Income  for  1966 . 


3  4,886.00 


306.00 

864.00 

162.04 

724.23 

155.00 

95.90 

1.54 


3  418.06 

67.85 
50.00 
500.00 
393.75 
595.70 
165.00 
273.17 
1,350.00 
708.02 
494.92 


3  7,194.71 


3  5,016.47 


3  2,178.24 


Checking  Account  Balance 


Checking  account  balance  Jan.  1,  1966 .  3  5,165.97 

Net  income .  2,178.24 


3  7,344.21 

Deductions  (Investment  purchases) .  3,040.79 

Purchase  of  U.  S.  Treasury  Notes  Sept.  1966 .  3  2,980.31 

Frank  Reed  Mem.  Fund  interest  retained  in  that  account .  60.48 

Checking  account  balance  Dec.  31,  1966  (inch  3200.00  for  Permanent  Fund) .  3  4,303.42 


Statement  of  Assets  Dec.  31,  1966 


Uncommitted  balance  in  checking  account .  3  4,103.42 

Permanent  Fund .  2,350.00 

U.  S.  Savings  Bonds .  3  2,000.00 

Carbondale  Savings  and  Loan  Acct.  No.  3522 .  150.00 

Checking  account .  200.00 

Reserve  Funds .  319,327.50 

U.  S.  Bonds  and  Treasury  Notes .  3  4,477.50 

Carbondale  Savings  and  Loan  Acct.  No.  3522 .  5,850.00 

State  Savings  and  Loan  Acct.  No.  435 .  9,000.00 

Frank  H.  Reed  Memorial  Fund .  1,390.44 


TOTAL  ASSETS .  327,171.36 


William  C.  Ashby 
Treasurer 
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OFFICERS  AND  STANDING  COMMITTEE  NOMINEES  FOR 

1967-1968 


President:  Milton  D.  Thompson,  Illinois 
State  Museum,  Springfield. 

First  Vice  President:  Willard  D.  Klim- 
strat,  Southern  Illinois  University, 
Carbondale. 

Second  Vice  president:  William  J. 
Probst,  Southern  Illinois  University, 
Edwardsville. 

Secretary:  Anthony  E.  Liberta,  Illinois 
State  University,  Normal. 

Treasurer:  Boris  Musulin,  Southern  Illi¬ 
nois  University,  Carbondale. 

Librarian :  Paul  Parmalee,  Illinois  State 
Museum.  Springfield. 

President,  Junior  Academy:  James  R. 

Keith,  Carl  Sandburg  High  School.  Or- 

land  Park. 

THE  COUNCIL 

Immediate  Past  President:  Norman  D. 
Levine,  University  of  Illinois,  Urbana. 

Immediate  Past  Treasurer:  William  C. 
Ashby,  Southern  Illinois  University, 
Carbondale. 

Elected  Councilors:  Walter  B.  Welch  (to 
1968),  Southern  Illinois  University, 
Carbondale. 

Kenneth  Harmet  (to  1969),  Northern 
Illinois  University,  DeKalb. 

Donald  F.  Hoffmeister  (to  1970),  Mu¬ 
seum  of  Natural  History,  University 
of  Illinois,  Urbana. 

C.  J.  Bennett  (to  1971),  Northern  Illi¬ 
nois  University,  DeKalb. 

OTHER  OFFICERS 

Editor:  Darrel  L.  Lynch,  Northern  Illi¬ 
nois  University,  DeKalb. 

Delegate  to  the  AAAS:  William  C.  Ash¬ 
by,  Southern  Illinois  University,  Car¬ 
bondale. 

Delegate  to  the  AAAS  Conference:  Ken¬ 
neth  Harmet,  Northern  Illinois  Uni¬ 
versity,  DeKalb. 

STANDING  COMMITTEES 

Affiliations:  Thorne  Deuel,  Chairman, 
Illinois  State  Museum,  Springfield. 

Animal  Experimentation  in  Research: 
Harold  M.  Kaplan,  Chairman,  South¬ 
ern  Illinois  University,  Carbondale. 


Archaeological  and  Historical  Sites: 
Robert  L.  Hall,  Chairman,  Illinois 
State  Museum,  Springfield. 

Budget:  Walter  A.  Brown,  Chairman, 
Illinois  State  University,  Normal. 

Conservation:  Hurst  H.  Shoemaker, 

Chairman,  Wright  &  Healey  Streets, 
Champaign. 

Legislation  and  Finance:  W.  W.  Grimm, 
Chairman,  Bradley  University,  Peoria. 

Local  Conventions:  William  Cloud, 
Chairman,  Eastern  Illinois  University, 
Charleston. 

Membership:  C.  J.  Bennett,  Chairman, 
Northern  Illinois  University,  DeKalb. 

Research  Grants:  David  G.  Rands,  Chair¬ 
man,  Southern  Illinois  University,  Ed¬ 
wardsville. 

Science  Talent  :  Charles  K.  Hunt,  Chair¬ 
man,  University  of  Illinois,  Chicago 
Circle. 

Science  Teaching:  R.  Maurice  Myers, 
Chairman,  Western  Illinois  University, 
Macomb. 

Sustaining  Membership:  Walter  B. 
Welch,  Chairman,  Southern  Illinois 
University,  Carbondale. 


SPECIAL  COMMITTEES 

Accreditation  and  Certification:  Charles 
K.  Hunt,  Chairman,  University  of  Illi¬ 
nois,  Chicago  Circle. 

Junior  Academy,  Representing  the  Acad¬ 
emy:  Elnore  Stoldt,  Chairman,  Jack¬ 
sonville  High  School,  Jacksonville. 

Permanent  Central  Office:  G.  R.  Yohe, 
Chairman,  State  Geological  Survey, 
Urbana. 

Planning:  Joan  Hunter,  Chairman,  West 
Senior  High  School,  Aurora. 

Visiting  Lecturer:  F.  Rolf,  Chairman, 
Northern  Illinois  University,  DeKalb. 


SECTION  CHAIRMEN 

Aquatic  Biology:  Steve  Whitley,  Eastern 
Illinois  University,  Charleston. 
Botany:  A.  J.  Pappelis,  Southern  Illinois 
University,  Carbondale. 

Chemistry:  Emanuel  Merdinger,  430  S. 

Michigan  Avenue,  Chicago. 
Conservation.  Richard  D.  Andrews, 
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Eastern  Illinois  University,  Charles¬ 
ton. 

Geography:  Robert  L.  Koepke,  Southern 
Illinois  University,  Edwardsville. 

Geology:  Dorothy  Gore,  Southern  Illi¬ 
nois  University,  Edwardsville. 

Meteorology:  William  Denmark  and 

Jack  Roberts,  Illinois  Water  Survey, 
Urbana. 


Microbiology:  L.  D.  Witter,  Dept,  of 
Food  Science,  University  of  Illinois, 
Urbana. 

Physics:  William  C.  Shaw,  Southern 
Illinois  University,  Edwardsville. 
Science  Teaching:  Howard  T.  Davis,  15 
Oasis  Court,  Normal. 

Zoology:  Florence  M.  Foote,  Southern 
Illinois  University,  Carbondale. 
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PREPARATION  OF  MANUSCRIPTS  FOR 
THE  TRANSACTIONS 

For  publication  in  the  Transactions,  articles  must  present  significant 
material  that  has  not  been  published  elsewhere.  Review  articles  are  ex¬ 
cepted  from  this  provision,  as  are  brief  quotations  necessary  to  consider 
new  material  or  varying  concepts.  All  manuscripts  must  be  typewritten, 
double  spaced,  with  at  least  one-inch  margins.  The  original  copy  and  one 
carbon  copy  should  be  submitted. 

Titles  should  be  brief  and  informative.  The  address  or  institutional 
connection  of  the  author  appears  just  below  the  author’s  name.  An  abstract 
must  accompany  each  article.  Subtitles  or  center  headings  should  be  used; 
ordinarily  one  uses  subtitles  such  as  Materials,  Methods,  Results,  Discus¬ 
sion,  Summary ,  Acknowledgments,  and  Literature  Cited. 

No  footnotes  are  to  be  used  except  in  tables. 

The  section  entitled  Literature  Cited  must  include  all  references  men¬ 
tioned  in  text.  It  is  not  to  include  any  other  titles.  Citations  under 
Literature  Cited  are  as  shown  below : 

Doe,  J.  H.  1951.  The  life  cycle  of  a  land  snail.  Conchol.  26(3): 
21-32,  2  tables,  3  figs. 

Doe,  J.  H.,  and  S.  H.  Jones.  1951.  Mineralogy  of  Lower  Tertiary 
deposits.  McGraw-Hill  Book  Co.,  New  York,  iv  +  396  pp. 

Quoted  passages,  titles,  and  citations  must  be  checked  and  rechecked 
for  accuracy.  Citations  to  particular  pages  in  text  are  Doe  (1908,  p.  21) 
or  (Doe,  1908,  p.  21) ;  general  citation  in  text  is  Doe  (1908)  or  (Doe,  1908). 

Tabular  information  should  be  kept  at  a  minimum.  Do  not  duplicate 
tabular  data  in  text.  Headings  for  tables  and  columns  should  be  brief. 
Each  table  and  its  heading  should  be  on  a  single  page;  do  not  place  any 
table  on  the  same  page  with  text. 

Photographs  should  be  hard,  glossy  prints  of  good  contrast.  Graphs, 
maps  and  other  figures  reproduce  best  when  prepared  for  at  least  one-half 
reduction;  lettering,  numerals,  etc.  on  all  figures  in  a  manuscript  should 
be  worked  out  to  proper  size  for  such  reduction.  Line  widths,  letter  size, 
etc.,  should  be  uniform  from  figure  to  figure  within  a  published  paper. 
Figures  should  be  drawn  on  good  quality  white  paper  or  on  drawing 
board.  Use  only  India  ink.  Use  a  lettering  device  (Leroy  or  Wrico)  for 
numerals  and  words;  do  not  print  “free-hand.” 

Legends  for  photographs  and  figures  should  be  brief;  type  them  on 
a  separate  sheet  of  paper.  Indicate  figure  number  and  your  name  on 
back  of  illustration;  do  not  write  with  pencil  on  the  backs  of  photographs. 

Authors  will  receive  galley  proofs;  these  should  be  read  carefully  and 
checked  against  the  original  manuscript.  Reprints  may  be  ordered  at  the 
time  galley  proofs  and  manuscripts  are  returned  to  the  Editor. 

Edwin  C.  Gaubreath, 

Department  of  Zoology, 

Southern  Illinois  University, 
Carbondale,  Illinois  62901. 
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